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A NOTE ON WOUNDING OF THE LEAVES OF 
ANACARDIUM OCCIDENT ALE LINN. AT DIF- 
FERENT STAGES OF THEIR DEVELOPMENT 
AND ITS EFFECT ON RESPIRATION. * 

BY 

A. B. Saran 


Received for publication on 28th January, 1937 


Variations in the initial rate of respiration exhibited by 
young growing organs of different species of plants, have been 
fully investigated by Bezagu (3), Bonnier and Mangin (4)^ 
Borodin (5), Corenwinder (7), Nicolas (12) and others. That 
wounding enhances respiration has also been investigated by 
several workers, chief amongst whom are Palladin (13), Boehm 
(6), Lutman (10), Magness (11), Stich (15), Johnston (9), 
Richard (14), Audus (1), Godwin (8), and Barker (2). There 
seems, however, so far as known no record of work done eluci- 
dating the phenomenon of respiration on wounding of plant 
organs in different stages of their growth. Experiments were, 
therefore, conducted to investigate this aspect of the problem 
with the leaves of Anacardium Occident ale Linn. 

Material and method: Leaves for the experiment were 
invariably taken from a particular branch of a fully grown 
tree. Age of the leaf was calculated from the date it 
fully unfolded itself out of the bud. The leaves on isolation 
were weighed and kept with their petioles dipping in water in 


This work was undertaken and completed at the Botanical Laboratory, 
Ravenshaw College, Cuttak, during the year 1932. 






Table I showing the rate of respiration before and after wounding the leaves i 

various stages of growth. 
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the respiration-chamber. The estimation of carbon dioxide was 
done by the continuous current method. The apparatus was 
allowed to run for half an hour before the first two hourly 
readings were taken. Immediately afterwards, the leaves (in the 
chamber) were wounded, each very approximately to the same 
degree along the veins and the next two hourly readings were 
again recorded. 

Resulis and their consideration: The results obtained 
(vide Table I) are presented under each sub-head in brief. 

Young Leaf: An inspection of the table will show that 
younger leaves display a fairly high rate of respiration as com- 
pared to old ones. The youngest in the series (Le, 3 days 
old) exhibits a rate which is as high as 26 . 5 mgs. This, how- 
ever, falls down to 13. 7 mgs. during a period of 20 days. On 
wounding such young leaves (i. 3, 8, 14 and 20 days) no rise 

in respiration is evident. This probably is due to the fact that 
irritability in the leaves is not so well developed between the 
ages of 3-20 days. 

Old leaf: The higher initial rate of respiration shown by 
younger leaves, finally settles down to 9-10 mgs. in the course of 
30-40 days, after which even up to the 100th day, the results 
obtained, yield a more or less constant value (vide Table 1 ). An 
after- effect (i.e, a rise in respiration over the initial output of 
Coi following wounding) is first seen where 30 days old leaves 
are involved. The first two-hourly readings on wounding, 
display an enhanced rate of respiration, which is without excep- 
tion followed by falling values. Similar results are obtained by 
other sets of older leaves (i,e. 40 and 100 days) as well. The 
values of the after-effect vary from 1.8-1.9 mgs. per two hours 
per 10 gms. of fresh leaves. The after-effect is, however, in 
every case a short lived one passing off in about 2-4 hours. 


Summary 

In Anacardium occidental e Linn, young leaves have 
definitely been found to respire at a higher, rate than adult 
ones. This rate finally settles down to a lower level value in 
the course of 30-40 days. Such young leaves, when wounded 
do not show any after-eiffect, while a similar treatment to the 
older leaves enhances their respiratory activity considerably. 

Acknowledgment : It is my pleasant duty to express my 
grateful thanks to Prof, P. Parija, m, a, for his helpful criticism 
and suggestions during the course of this inv^estigation. 
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THE EFFECTS OF RADIATION ON SOME 
POLYPORES IN CULTURE 

BY 

S. R* Bose 

Professor of Botany f Carmichael Medical College and 
Bangahasi College, Calcutta, 


< Presidential address delivered at the seventeenth Annual 
Meeting of the Indian Botanical Society at Calcutta, 
on 6th January, 1938.) 


Before I pass on to the subject of my address, I like 
to place f3efore you a short history of our Indian Botanical 
Society especially for the information of foreign Botanists 
gracing this occasion. The Indian Botanical Society was started 
»on December 6, 1920, after deliberations amongst the members 
^of the Botany section of the Indian Science Congress at its 
Nagpur sitting in consultation with Botanists from different 
parts of India. The late Dr. Winfield Dudgeon of Allahabad 
(Jamuna Mission College) took a very prominent part in its 
inauguration and was its first President in 1921, and the late 
Prof. S. R, K'lshyap of Lahore (Punjab University) was its 
first Secretary and Treasurer for 1921-1922. The Journal of 
Indian Botany was started in September, 1919, for publishing 
botanical work done in India ; the Journal owes its inception in 
the first place to the enthusiasm of the late Mr. L. J. Sedgwick, 
I.C.S., F.L.S., a keen and prolific worker on Indian systematic 
botany, and in the second to the kind services of Mr. T. R. D. 
Bell, C.I.E., the late Chief Conservator of Forests, Bombay, who 
‘generously came forward with an offer to guarantee the expenses 
till the Journal should be so far established as to pay its way ; 
Prof. P. F. Fyson, B.A., F.L.S. the late Professor of Botany of 
the Presidency College, Madras, was its first Honorary Editor. 
The Journal was launched with a mixture of hope and doubt; 
though supported by nearly every important Botanist in India 
the proposal met with misgivings from several who thought * the 
times were yet not ripe b But within a very short time, in fact 
in the course of eight months, thanks to the active cooperation 
of Botanists in India, ten numbers appeared with an average of 
over thirty pages of original matter and diagrams and about four 
of abstracts (reviews) to each. The original papers have been on 
nearly every branch of pure Botany, r.e. on Fungi, Algae^ Liver- 
worts, Mosses, Gymnosperms, the Taxonomy of flowering plants, 
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General and Pliysiological Histology and Morphology, Phys-- 
iology, Ecology/ and a Systematic Flora of a province. Abs- 
tracts and reviews have appeared of over 50 papers and books,, 
and occupied 40 pages of small type. 

In February 1922, the Indian Botanical Society decided to* 
approach Prof. P. F. Fyson to find out whether he would be 
willing to turn the Journal over to the Society. After some 
correspondence. Prof. Fyson finally agreed to hand the Journal 
over to the Indian Botanical Society. The .transfer of the 
Journal to the Society was finally completed in October 1922 and! 
since then the Journal is the official organ of the Society. It was 
decided to change the name of the Journal from The Journal, 
of Indian Botany to The Journal of the Indian Botanical. 
Society ” in January 1923. No. 6 of Volume III of the Journal 
was the first number issued by the Society in April 1923. The- 
Journal records the activities of Botanists working in India on 
various phases of Botany, cytology-papers usually prepondera- 
ting in number. A booklet on “ The Flora of the Indus Delta”' 
by Mr. T. S. Sabnis has been issued by the Society out of the 
reprints in earlier issues of our Joui*nal. With the transfer 
of the Journal to the Indian Botanical Society an Editorial 
Board with an Editor-inXhief was constituted for conduc- 
ting the Journal. Prof. Fyson was elected the first Chief 
Editor of the Journal. He continued as Editor up to 1926, them 
it passed through the editor-ship of Prof. B. Sahni, Prof. 
M. O. P. Iyengar and late Prof. S. R. Kashyap in succession.. 
The present Editor is Prof. P. Parija of Ravenshaw College,. 
Cuttack ; dttring his able editorship the Journal has become- 
bimonthly (of about 350 pages a year), while formerly it used^ 
to appear quarterly. The total number of members (ordinary 
and associate) is about 150; the Business-Manager's report gives 
a detailed account on these points. I am glad to record the* 
good services rendered by Dr. Miss E. K. Janaki Ammal, our 
present Secretary, to the cause of the Society, 

Introduction 

Most of the published works on radiation in fungi are of a 
decidedly qualitative nature without adequate control of environ- 
mental conditions, hence it becomes difficult to arrive at a correct 
interpretation of results which cannot be easily duplicated. The- 
radiation here refers to treatment of malt-extract agar-plate-cultures; 
of three Polypores (Poly poms ostreiformis, Polystictus leonm^ 

Tranietes cingulata) by/ultra-violet rays, X-rays, radium, and' 
sunlight. The effects of radiation, as pointed out by Catcheside (5) 
are usually manifested in two ways, either (1) by producing 
temporary physiological effects on the individual, i.e,, by depressing 
or accelerating physiological functions or (2) hy permanent effects 
leading to death or some modification of the germ-plasm. The 
first is phenotypic and indirect, producing noxious physical or 
chemical conditions in the environment of the germ-plasm, and the- 
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second is genotypic, causing direct hits on the chromosomes in the 
nucleus, a single hit being defined as the absorption of one ^quantum 
nt energy i,n the sensitive region. The sequence of events in chemical 
effects according to G, Failla (10) are (a) ionization (b) chemical 
changes (r) biological changes : this probably accounts for the 
delay in the appearance of the effects of radiation in living organisms. 
— known as the latent period. 

Most of the effects on fungi are of temporary nature. Salt- 
ations (jr mutations in fungi due to the influence of radiation pro- 
ducing herita])le changes are rather few; in the Polypores treated 
I could not find any. This supports my previous experience in the- 
course of sexuality-study of Polypores (2) that additions of minute 
doses of poisons and acids or the variations of temperature and of 
light and darkness and the change of various kinds of nutritive media 
could not ]3roduce any mutation or saltation of the monosporous 
m}xeiium, they seemed absolutely stable, not alterable by any 
change of circumstances or conditions. In this connexion attention 
may l^e drawn to the relevant remarks of Burkholder (4) that ‘fin 
the normal course of events, where light exerts an action upon 
growth, it is probably brought out by absorbing sul)stances 
(pigments) normally present in the plant.” The three Poly pores 
treated here are perfectly white, devoid of any pigmented sul)- 
stance. Even in the case of green plants several investigators have- 
found that different species as well as different individuals of the 
same species vary in their reaction to the rays; this relates to the 
question of special sensitivity in some plants. Only those plants 
whose genes are in an unbalanced state can be easily changed by the 
action of X-rays, ultra-violet, etc. Radiation-experiments which I 
have carried on Polypore-mltiirts are summarised below under' 
appropriate headings. 

Ultra-violet radiation and solar radiation 

Mafcrials aiid methods 

Malt-agar (malt extract 3% and agar 2%) plate-cultures of 
Polysf ictus Iconhiiis, Poly par us ostreiformis and Trametes cingidata 
were used throughout. The plates were exposed to the full range of 
quartz mercury arc screened by cellophane paper from a Hmiovia 
Alpine Sun operating on D. C. at 3.5 amperes with 100 volts across- 
the arc. The distance of the arc from the culture-plate was in 
every case kept at 30 c.m., at this distance practically no heating 
was produced near the culture-plate. The lid of the petri dish was. 
always replaced ])y a thin cellophane paper (*025 mm. thick) 
])revioiisly sterilised by alcohol, this prevented dust and contamina- 
tion while allowing U.V. rays to pass through it. The range of: 
wave lengths was from 2400 to 40(30 A® u which includes the whole' 
of the biotic and a portion of the abiotic range and some portion of 
the violet region of the visible spectrum. Two kinds of exposures 
were given in each case — (1) an almost daily exposure of five 
minutes' duration for 15 days, (2) and only twice, of fifteen 
minutes' exposure, in a fortnight. 
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Results ( I ) in the case of daily exposure of five minutes’ 
duration for 15 days. 

( 1 ) Damage in the main plate of Polystietus leoninus 

In the case oi Polystichis leoninus the plate was exposed on 
9th October, 1936, just four clays after inoculation of the plate so 
that sufficient space was left in the plate for the growth of ■ the 
culture following ultra-violet radiation; in this state the vegetative 
hyphae were all filled up with protoplasm, they were with clamps 
and with a number of short mediate branches without any trace of 
Joasidia. 


Damage 


In the vegetative stage. 


In the reproductive 
stage. 


(a) Hyphae 
The change produced 
after the very first ex- 
posure was conside- 
rable damage to the 
vegetal ive hyphae. 
Many become clamp- 
less, and -protoplasm 
became broken up into 
pieces and much vacuo- 
lated. These hyphae | 
ultimately lost their i 
protoplasmic contents, 
became double- walled 
and were converted 
intohairs. Apart from 
mediate branches 
hyphae without clamps 
and branched at right 
angles were also pro- 
duced in good numbers, 
but the number of 
clamped hyphae always 
preponderated over 
n o n-c l a m p e d ones . 
With increasing expo- 
sures the non-clamped 
h y p h a e were a I s o 
damaged and showed 
broken nature of pro- 
toplasm. 

(5) Conidia were 
never produced. 

(c) Chlamydospores 
were produced 
in good numbers in 
cultures one month and 
ten days old from the 
date of inoculation. 


B a s i d i a (the evi- 
dence of fruit-forma- 
tion) appeared after 
the third exposure 
ie. seven days after 
the inoculation.^ The 
fruiting period in the 
control plate was also 
seven days ; thus, the 
initiation of the f ruit- 
formation was neither 
hastened nor retarded 
due to radiation. But 
no porous surface was 
formed in the irradia^ 
ted plate nor any regu- 
lar a n d erect fruits 
were produced, as are 
found in the normal 
cultures. 

Smears f r o m the 
coloured (yellowish) 
area showed the accu- 
mulation of black 
spots under the micros- 
cope within which 
were found numerous 
basidia and crystals of 
calcium oxalate. The 
basidia were with 
sterigmata and attach- 
ed spores, they were 
irregularly scattered 
and never arranged in 
clusters ; with increa- 
sing exposures t h e 
basidia became very 
m u c h shrunken in 
appearance. 


Observations. 


The upper surface of 
the irradiated culture 
gradually developed a 
dull yellow colour 
after the fifth exposure 
which deepened with 
increased radiation. 
The yellow colour first 
developed in s m a 1 
patches scattered over 
the surface of th e 
culture and ultimately 
the whole surface 
assumed a dull yellow 
colour, which however 
was not carried oyer 
to its sub-cultures and 
presented a sort of 
burnt-up appearance. 

The hyphae forming 
the aerial part of the 
culture plate never ten- 
ded to go down and 
sink to the bottom of 
the medium to avoid 
strong radiation as lias 
been reported by Wes- 
ton and Halna ( ). 

In the course of day-to- 
day radiation if there 
was an interruption for 
two or three days the 
culture in the main 
plate showed a slight 
tendency to reversion 
to the normal condi- 
tion. 
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(2) Damage in the main plate of Trametes ciniulata 


In the vegetative stage. | I Observations. 


(fl) Hypbae 

Slight damage to hy- 
phae was noticed after 
the second exposure on 
lOth. November, 1936; 
the damage became 
more pronounced with 
increasing exposures, 
the hyphae lost their 
turgid condition and 
became gradually nar- 
rower than the normal 
ones with their proto- 
plasm either disinteg- 
rated or broken up into 
disconnected masses. 
Empt^y hyphae and ex- 
tremely narrow hyphae 
were also produced in 
good numbers and 
many of them lost their 
clamps. 

(70 Conidia 


This strain of Trainetes 
cingulata was highly 
conidial and non- fruit- 
ing, no .sporophore 
appeared even in nor- 
mal cultures. 


No Colouration of 
the upper surface of 
the culture plate was 
noticed as in the case 
Polys, leoninus. 


With increasing ex- 
posures the number of 
conidia decreased till 
after the fifth exposures 
on 16th November, 1936 
(i.e. 13 days after ino- 
culation) they totally 
disappeared from the 
culture. 


(c) Chlamydospores 
were present in small 
numbers when expo.surc 
was first begun. Their 
number increased to i 
a maxium up to the sc- ' 
venth exposure (on 23- ; 
1 1-36) after which they 
gradually diminished 
but never disappeared 
altogether ; a good 
many of them were 
found in empty condi- 
tion. 


( 3 ) Damage in the main plate of PolyporuM ostreiformis 

In the case of Polyporus ostreiformis the strain was non- 
conidial with a good nimiber of chlamydospores, A smear from the 
normal ciilture showed hyphae measuring 74-~6/^ in breadth with 
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well-developed clamps and mediate branches in good num!)ers. 
During the whole period of the experiment the normal strain was 
found to. fruit only in solid cultures in plates and better fruiting 
occurred in liquid (malt-ext.) cultures in flasks. No fruiting oc- 
curred, however, in tube-cultures. Fruiting occurred in plate 
cultures in 19-20 days and was confined only on the walls of the 
plates. In liquid cultures in flasks fruiting was not only: earlier but 
also far bigger in size than in plates. Various methods were tried 
to induce fruiting in tubes without any success upto January, 1937, 
but since February, 1937, several tube-cultures which were kept 
under identical conditions, fruited almost simultaneously, and since 
then fruiting has always been recorded in tubes. 


In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


(a) Hyphae. No dam- 
age was noticed until 
after the third exposu- 
re on 11th. November 
1936. Even then the 
•damage was slight and 
in smears the hyphae 
were hardly distingui- 
shable from the normal 
ones. Damage became 
more pronounced after 
the seventh and eight 
•exposures and went on 
increasingwith increas- 
ed doses of radiation. 
The nature of damage 
noticed was the same 
as mother cases. The 
protoplasm became 
more and more vocuo- 
lated and broken up 
into disconnected cha- 
ins with a strong ten- 
dency to break up into 
oidia. Several hyphae 
lost their protoplasmic 
contents altogether and 
a large number of 
empty hyphae could be 
found without any 
•clamps. Those that 
were living became 
narrow^er till at the end 
they became converted 
into a large number of 
•extremely narrow hy- 
phae containing dis- 
connected masses of 
protoplasm. 


Resistence to damage 
seemed to be more 
marked in P. leoninus 
or T. cingiUafa and 
whereas in the latter 
damage was evident ei- 
ther after the first or 
second five minutes ex- 
posure in r. ostreifor- 
viis no damage was 
noticed until after the 
third exposure. 

The only noticeable 
point was the develop- 
ment of a good number 
of uniformly narrow 
filled up and elongated 
hyphae without clamps 
showing no trace of 
damage But consi- 
dering the number of 
I extremely damaged 
■ narrow hyphae which 
I still retained clamps at 
: every partition, the 
number of these nar- 
I row healthy hyphae 
without clamps was not 
at all greater, Hyphae 
with clamps always 
preponderated over 
those without clamps 
whether they were 
filled up or damaged. 
The number of medic- 
ate branches neither in- 
creased nor decreased 
i and they were damaged 
I to the same extent as 
i the main hyphae. 


No fruiting ever 
occurred the irradi- 
ated plate but a smear 
taken 27 days after ino- 
culation from condens- 
ed area on the wall 
of the plate showed 
the presence of a good 
number of rudimentary 
basidia without any st- 
erigmataor spores. No 
porous area, however, 
was formed. 
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In the vegetative stage. I" ^ Observations. 

(b) Conidia. I 

A few conidia were i 

developed after the I 

thirteenth exposure on i 

.7th. December, 1936 

(34 days after inocula- i 

tion) but their number | 

never increased. I 

(c) Chlamydospores i 

■were in fairly good I 

number in the begin- 
ning. Their number 

.gradually went on in- 
creasing but after nine 
exposures they rapidly 
diminished in number 

but never vanished al- i 

together, j 


( 1 ) Changes in sub-cultures from the main plate of Polya- 
tictus leoninua {i-e., in the first vegetative generation.) 

In the vegetative stage- I I" \ . Observations. 

■ i 

(a) Hyphae. ! The first and the , 

I second subcultures 

In Polyslicfus leo- fruited after 8 days . r 
ninus altogether five while the last 3 sub- 
subcultures were car- cultures fruited on the 
ried out in malt-agar 9th. day after inocula- 
plates from the irra- tion. The fruiting 
•diated plate, the first period in the control at : 
after the first ex- that time was 6 to 7 L 
posure, the second days so that fruiting i 
after the third expo- (as noted by the 1st. 
sure, the third after appearance of basidia ; 
the ninth exposure, in smears) was delayed j 
the fourth after the by 1 to 3 days. Too- [ 
fourteenth exposure, thed area developed ! 
the fifth and the last all round the inoculum ; 
ten days after the and smears from these | 
fifteenth exposure, areas showed the pre- : 

Smears from the vege- ! sence of numerous ; 
tative area .showed i basidia arranged in : 
hyphae with much close clusters but very | 
broken up protoplasm few were with attached r 
and much narrower spores. The erect 
than the normal ones fruits that were deve- i 
with clamps extremely ; loped later in these 
small and reduced in : subcultures were found 
size. Many of these on sectioning to have , 
were ultimately con- empty pores in the 
verted into hairs, majority of cases with i 
Hyphae devoid of! a few tramal hyphae i 
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In the vegetative stage, i «P^«ctive 

Observations. 

clamps were produced j 
in good numbers, but | 
liyphae with clamps 
always preponderated. 

(b) The number of 
conidia produced was 
small but later on they 
disappeared altogether. 

{c) Another feature i 
of these 1st. genera- | 
tion sub-cultures was i 
that chlam.ydospores | 
were produced in large 
numbers from the 

beginning — a condition 
not found in the 
normal. 

bearing clamps only at 
places. These fruits 
on being inserted in 
agar plates did not 
shed any spores. The 
shapes of these fruits 
were irregular when 
fully formed. 

It is thus seen that 
the damage due to ul- 
traviolet rays persisted', 
right through the first 
generation (in plate) 
and no tendency to< 
reversion was noticed 
either in the reproduc-- 
! tive or in the vege- 
1 tative phase. 

(2) Changes in sub-cultures from the main plate of Trametes 
cingulata (ue»j in the first vegetative generation) 

In the x^egetative stage. 

In the reproductive, 
stage. 

1 Observations, 

(a) Hyphae. 

In the case of 
Traniefes cingulafa al- 
together 4 subcultures 
were carried out from 
the main plate after 
the third, fifth, twelfth 
and fifteenth expo- 
sures. The first two 
subcultures showed 

slight damage in the 
beginning but these 
totally disappeared 

later, \while the last 2 
subcultures showed 

complete reversion to 
the normal state. Re- 
covery,-' 'therefore, 'oc- 
curred in the 1st. 
generation subcultures. 
No transfer.s, ■ \vere 
made to woodblocks. 

(h) Conidia ap- 
peared in large raim- 
bers. 

(c) A good number 

0 f chlamydospores 

were present. 

No fruiting oc- 

curred anywhere even 
in controls, the strain 
being non-fruiting. 

1 

Damage was first 
noted on the 11th. 
Nov. 1936, and com- 
plete recovery was 
noted in the 1st, sub- 
culture on the 2nd. 
Dec. 1936, within an 
interval of 22 days.. 
Subcultures were car- 
s ried upto third gene- 
ration but in no ca.se 
the damage was found 
to persist. 
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(3) Changes 1 b siib-cBltnres from the main plate oi Polsporus 
ostrieformis* (i.e., in the first vegetative geBeration.) 


In the vegetative stage. 


(a) Hyphae. 

1 11 t h e case of 
P oly po rus ost r i eform i s 
altogether 4 siibcul- 
ttire« were carried 
from tile irradiated 
plate. The 1st was 
after the third ex- 
posure fjust after the 
damage was noted) on 
the lith Nov. 1936; 
the 2nd after the fifth 
exposure on the 15th 
Nov. 1936; the 3rd after 
the 12th exposure on 
the 5th Dec. 1936 ; the 
4th and the last after 
the 15th exposure on 
the 11th Dec. 1936 
(in tube). Smear ex- 
amination showed that 
the damage caused by 
irradiation in the main 
plate was partly main- 
tained in the 1st gene- 
ration sub-cultures. 
Empty hyphae to- 
gether with a large 
number of narrow- 
hyphae retaining ex- 
tremely narrow clamps 
and with protoplasm 
broken up into dis- 
connected masses were 
found mixed with a 
large number of heal- 
thy hyphae with nor- 
mal clamps and 
mediate branches, so 
that unlike T. cingulata 
recovery in the 1st 
generation was only 
partial. A fair number 
of narrow filled up 
and elongated hyphae 
without clamps were 
found as in the irra- 
diated main plate. 

{{)) C o nidi a deve- 
loped in small numbers 
as in the irradiated 
plate..' 

(r) The number of 
chlamydo.spores always 
remained a few. 


In the reproductive 
stage. 


No fruiting occurred 
in any subculture. 


Observations. 


i 


T li e development 
of conidia in small 
numbers in these sub- 
cultures lends support 
to the persistence of 
the damage. 


1 

i 
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Changes in the second set of sub-cultures in tubes from the 
first set (zle., in the second vegetative generation) 

( 1 ) In the case of Polystictus leonlnus in order to find out 
whetter the damage in the first, generation persisted and also to 
study the su])sequent nature of growth, the last three subcultures 
of the first generation were again subcultured in malt-agar tubes 
.on 1st December. 1936. These three subcultures constitute the second 
generation. 


In the vegetative stage. 


Ill the reproductive 
stage. 


Observations. 


(a) Hyphae. 

Smears from these 
tube subcultures show- 
ed a strong tendency to 
revert to the normal. 
In the first few smears 
damaged condition of 
liyphae was ^ only 
slightly perceptible but 
this damage totally 
disappeared afterwards 
and complete reversion 
to the normal condition 
•was found in this 
second generation. The 
‘damaged hyphae that 
'W ere occasionally 
found formed nothing 
but a stage in the 
conversion of healthy 
living hyphae into dead 
•double walled hairs as 
are found in old nor- 
mal cultures. Hyphae 
were all with clamps 
and with mediate 
branches arising at 
-right angles here and 
there, broad like the 
normal ones, with well- 
-developecl clamps. The 
broken up or vacuola- 
ted nature of the 
protoplasm totally 
disappeared. Out of the 
five sub-cultures from 
the main plate the last 
three were subcultured 
in w o o d block on 
thirteenth November, 
1936. The w-oodblock 
•cultures. therefore, 
represent the second 
^generation. The wood 


I Fruits appeared in 
I all these three sub- 
1 cultures after seven 
: days which was also 
j the fruiting period for 
j the normal ones at the 
1 period. These fruits 
j were quite normal with 
i regular pores which 
I showed in section basi- 
I dia in close clusters 
' bearing sterigmata and 
normal spores and were 
I found intermixed with 
1 tramal Ityphae bearing 
I clamps but no spores 
I ( cystidia-like bodies .) 

I Spore-fall was copious 
I on agar plate whence 
I they were transferred 
I to malt-agar tubes and 
I kept in incubator at 
37^C owing to the then 
low temperature condi- 
tion. The sporbs started 
1 germinating four days 
i after thej^ were trans- 
; ferred and regular 
I fruits appeared after 
! eight days ( the norma 1 
i period). 


i 


The woo d b 1 o c k 
cultures were made at 
a time when damage 
was fully persisting, in 
plates. But complete 
recovery to the normal 
condition was noted on 
the fourteenth January 
1937 i. e., forty-five days 
after wood was inoculat- 
ed while fruiting occur- 
red in all between 66-72 
days after the inocula- 
tion i.e. between 21-27 
days after recovery was 
noted, while the control 
culture on wood-block 
fruited between 14-36 
days. The fruits 
formed were all very 
regular and all shed 
spores copiously in 
agar-plate on the next 
day after insertion. 
These spores germi- 
nated almost simultane- 
ously and produced 
clamps after five days 
in agar plate. They 
were not transferred to 
malt agar tubes. 

The malt agar tube 
sub-cultures of the 
second generation were 
transferred to the third, 
fourth and fifth genera- 
tions in tubes. In no 
case was any damage 
found to exist and 
fruits always occurred 
within the normal 
period, which was 
extended owing to the 
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■jV 



In the vegetative stage. 


used was that of mango. 
Growth . was . very 
vigorous ill wood and 
the very first smear 
examination on the 
fourteenth January, 
1937 showed complete 
recovery of the vegeta- 
tive hyphae to the 
■normal state. 


In the reproductive 
stage. 


Observations. 


low temperature condi- 
tions during the winter 
(i0-12,days). 


i 


(h)'Conidia were ? 
very rarely met with, | 

(c) Chlamydospores | 
developed in small I 
numbers in malt-agar i 
tubes but they were | 
not found in w’ood- ! 
block cultures. \ 


Changes in the second set of sub-cultures in tubes from the 
first set (i.e., in the second vegetative generation) 

(2) In the case of Polyportis ostrelformis the first three stib- 
ciiltiires of the first generation were again subcultiired in tubes and 
complete recovery of vegetative hyphae was noted in them. 


In the vegetative stage. 


In 


the reproductive 
stage. 


Observations. 


(a) Hyphae. 

Damaged nature of 
hyphae totalty dissap- 
peared and ' smears 
showed normal hyphae 
with clamps and medi- 
ate branches. 

ih) Conidia were not 
found in any of them 
or in any subsequent 
generation. 

(r) Chlamydospores 
developed in goo d 
num hers. 


No fruits appeared 
either in the second or I 
third generation-sub- | 
cultures as they were j 
all in tubes (not fruit- I 
ing in tubes then) | 


Damage was first not- 
ed in main plate on 
eleventh November, 1936 
and complete recovery 
was first noted in tubes 
of the second generation 
on twelfth December, 
1936, the intervening 
I period being 31 days. 

; Subcultures were carr- 
i fed upto the third 
1 generation but no 
j damage was found to 
I exist.. No transfers 
j were made to wood- 
r blocks.,. 



Recovery from damage ^ ^ ^ ^ I 

In the ca.se of Polystictus damage was first noted In 

the plate on 9th October, 1936, after the first exposure. It persisted 
Throughout the first generation in plate subcultures and complete 
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recovery was noted in tube-subcultures of the second generation 
on 9th "December, 1936, The total period was therefore 60 days. 
In wood-block cultures of the second generation the recovery period' 
calculated from the date of inoculation of the wood was 45 days. 
The fruiting period of the main plate and of subcultures of 
P. ieommis is summarised below: — 


The main plate fruited in the course of 7 

days. 

Controls 

also fruited'. 

But no regular 

fruit-body or fruiting 

areas 

on the 7th day. 

were formed. 




Sub-cultures Fruiting period 



No regular 

(1) 1st generation fruited in j 

Control 

fruited in 6-7 

fruits formed ' 

6— y days. 


days 


m (l)and (2) 

(2) 2nd. generation ,, 

)> 

i Control 

,, on the: 


7 days. 


7th day. 



(3) 3rd. generation ,, 


Control 

,, also on the 

j 

! 10 days. 


10th clay 


Regular fruits 
formed in (3) 
(4) and (5) 

1 (4) 4th. generation „ 

12 days. 

” 

Control 
12th day 

,, also on the- 


(5) Sth. generation ,, 


Control 

,, also on the- 


, 10 days. 


10th day. 



Recovery from damage in Tra metes cingiilata was noticed in the. 
first generation -subcultures and that in Polyporus ostreiformis in> 
the second generation. 

Results ( II ) in the case of only two exposures of fifteen, 
minutes each in a fortnight. 

Damage in the main plate of Polystictixs leoninus 

(1) In the case of Polystictus leoninus two exposures w^ere 
altogether given, each of 15 minutes’ duration. The first exposure 
was given on 20th October, 1936, i,e., 5 days after inoculation — 
immediately preceding the usual fruiting date and the second exposure 
on Sth November, 1936, i.c., 15 days after the first exposure. The 
irradiated plate together with a control was kept in diffuse light. 
No heating was noted near the culture even after IS minutes’ 
ex|x:)sure. The vegetative hyphae were all healthy and there were no' 
basidia when exposure was first begun. 


In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


((f) Hyphae. 

After the first ex- 
posiire dead empty or 
partially empty hyphae, 
some even with empty 


F ruiting was retard- | 
ed to a much greater I 
extent than in the pre- ■ 
viotts experiment. The i 
first appearance of ‘ 
basidia was noted after ; 


No tendency- of the- 
mycelial mat to go 
down to the bottom of 
the petridish was 
noted, neither w^as 
there any indication of 
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In the vegetative stage. 


clamps still attached, 
were found in large 
iiiimbers and living 
hyphae altogether lost 
their healthy appear- 
ance and the proto- 
plasm became broken 
up into chains of oidia 
showing a tendency to- 
wards haploidisation. 
During the next 15 days 
that intervened before 
the second 15 minutes’ 
exposure^ the vegeta- 
tive growth was rather 
slow and the hyphae 
produced were both 
healthy or damaged 
in appearance. But the 
healthy hyphae, though 
filled up with proto- 
plasm as those of the 
normal ones, were all 
much narrower tlian 
the normal ones and 
clamps much reduced 
in size. Hyphae with- 
out clamps which had 
the protoplasm disinte- 
grated, were produced 
in large numbers but j 
these were always ex- j 
ceeded by the numbers j 
of hyphae with clamps j 
-which showed similar | 
appearance. Many of 
these were found to be 
converted into dead, 
double-walled hairs. 

( b ) Con i d ia w e r e not 
found in the irradiated 
plate. 

(r) Chlamydospores 
appeared ciuicker (a f ter 
20 days) than in the 
case' of: daily 5 m'inutes 
‘exposure.'' The number :' 
■of ■■ chlamydospores 
'w'ent on' .increasing 
■from da:y to' day," till 
the second, exposure 
after;; which a sharp, 
decline in their number 
was noted. A large 
number of chlamydos- 


In the reproductive 
stage. 


15 days in smear only 
while the control fruit- 
ed perfectly well 
after 8 days. Thence- 
forth, basidia could 
occasionally be found 
in smears, they never 
arranged in close series 
but always irregularly 
scattered and only 
rarely they were found 
with attached spores- 
Furthermore, the basi- 
dia were all much 
shrunken in appear- 
ance and much smaller 
in comparison wuth 
normal. No porous 
surface appeared and 
therefore, toothed 
areas were entirely ab- 
sent. No outward indi- 
cation of fruiting could 
be found from the 
appearance of 
culture as a whole 1 
except for the pre- 
sence of one small area 
forming a yellow spot. 
This developed nearly 
after 25 days and did 
not develop any spores. 


Observations. 


I reversion to norma! 
i conditions in the main 
; plate. The colour of 
the mycelial mat never 
I changed from white to 
i dull yellow or dirty 
I yellow as was found in 
I the previous experi- 
1 ment with the main 
i plate. 
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Ill the vegetative stage. 

In the reproductive 
stage. 

Observations. 

pores were killed by 
the second exposure, 
and some became 

empty, though living 
chlamydospores vStill 

persisted in good 
numbers. But these 
gradually diminished 
in number and almost 
vanished later. 


j 

1 

1 ■ ■ 
i 

I 

i 


Damage in the main plate of Trametes cingulata 

(2) In the case of Trametes cingulata the exposure was given 
on 10th November, 1936, and the second exposure on 26th 
November, 1936, Altogether two exposures were given, each of 
15 minutes’ duration. 


In the vegetative stage. 

In the reproductive 
stage. 

Observations. 

(a) Hyphae. 

The changes produc- 
ed in the main plate 
were the same as in 
the previous experi- 
ment. The same nature 
of damaged hyphae 
was found. The 
second exposure only 
served to enhance the 
damage already pre- 
sent. 

No fruit formed even 
in the control, as it 
was a non-fruiting- 
strain. 

Damage became evi- 
dent after the first 
exposure on 10th 
November, 1936 and no 
sign of recovery was 
noted during the 15 
days that elapsed be- 
fore the second 
exposure. 

(5) Conidia were 
enormous in the 
beginning, but they 
slightly dim inished till 
the second 15 minutes' 
exposure. The conidia 
disappeared altogether 
after the second ex- 
posure of 30 minutes. 



(f) Chlamydospores i 
were present in small j 
numbers throughout i 
but they too disappear- 
ed altogether after the ' 
second exposure. 

! ' ' ' ' ■ 

i 

1 

■ ! 

■ . i 
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(3) Damage in the main plate of Polyporus ostreiformis 

In the vegetative stage. | I" the^ductive j Observations. 

_ j ^ ^ 

(a) Hyphac. | ^ Fruit appeared in the I As the fruit was 

I irradiated plate on | formed after the first 

In the case of | 25th. November, 1936, I exposure it is evident, 

Palyponis ostreifonnis | i. e. 20 days after the i therefore, that conti- 

damage was evident ! i iii o c u I a t i o n and I iiuous exposure for IS* 

after the very first j immediately preceding | minutes caused damage- 

exposure. A good : the second exposure on ; only to the vegetative- 

number of h 3 'phae were I 26th. November 1936^ j phase and did not at all 

killed and emptied | on the wall of the plate, j aft'ect the reproductive 

out and many of the | The crntrol plate ; phase in Polyp* ostrei- 

living hyphae showed j fruited one day earlier 1 form is. 

protoplasm broken up I on 24th. November ! 

into disconnected i 1936. The fruit in the ! 

chains. During the ! irradiated plate showed ; 

fifteen days that j regular pores and a ; 

followed before the section showed pure | 
second fifteen minutes^ ! basidia in dense layers ; 
exposure a slight I in each poretube, i 
tendency to revert to bearing sterigniata and | 
the normal state was , spores exactly similar ! 
noted in the irradiated | to the normal spores in | 
plate, as the number of ' length and breadth, i 
healthy clamped i The fruit was! 

hyphae slightly inserted in agar plate j 
increased from day i on 12th December, ; 
to day. The second 1936. Sporefall was : 
exposure caused : copious and continued i 
considerable damage to for three days. The i 
the vegetative hyphae agar plate was kept | 
as healthy hyphae inside the incubator, 
almost disappeared Germination was quick 
from the culture. Many ; and in normal manner 
more hyphae were i and a smear-examina- i 
emptied out and lost ! tion after five days j 
their clamps > showed normal hyphae | 
altogether ; out of the of Polyp, ostreiformis j 
living ones a good i with clamps, mediate | 
number was found to branches and 
undergo disintegra- chlamydospores. 
tion". A f t e r t h e : 
second exposure a good 
number of long, uni- 
formly narrow a n d ^ 
filled-up hyphae with- 
out clamps developed | 

mixed with damaged I 

clamped hyphae. ! 

Clamped hyphae that | 

remained w e r e all j i 

damaged in appearance I | 

and were either I i 

extremely narrow or ’ | 

some as b r o a d a s ; j 

normal. _ The number i : 

of mediate branches I ' 
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In the vegetative stage. 

In the reproductive 
stage. 

Observations. 

neither increased nor 
'decreased. 

(6) Conidia, a few in 
.number were developed 
on 2nd December, 

1935 after the second 
exposure (27 days 
.after inoculation) but 
the}^ never increased. 

(c) Chlamydospores 
were in good numbers 
in the beginning but 
they diminished in 
number after the second 
exposure and never 
vanished altogether. 

t 

1 ■' 1 



Changes in subcultures from the main plate (f. e. in the first 
vegetative generation) 

(1) In the case of Polysf ictus leoninus altogether three sub^ 
cultures were carried out from the main plate. The first subculture 
was after the first 15 minutes’ exposure, the second after the second 
15 minutes’ exposure, and the third 20 days after the second ex- 
posure. Of these three subcultures, the first and the second were 
in plate while the third was in tube. 


I 

In the vegetative stage* | 

In the reproductive 
stage. 

Observations. 

(a) Hyphae. 

The characters of the 
first two subcultures 
were almost identical, 
but the t h i r d 
subculture differed in 
many respects- In the 
first two subcultures the 
damaged conditions of 
the vegetative hyphae : 
fully persisted. They 
were all much narrower 
than the normal ones 
with clamps extremely 
small and reduced in 
size- Protoplasmic 
discontinuity of the 
hyphae with a strong 
tendency to liberate 
oidia was evident- 

Fruits appeared in ! 
all after 9 days, while j 
the fruiting period in ! 
the control (at that | 
time) was 6-7 days, so 
that fruiting was 
delayed by 2-3 days- 
The fruits on section- 
ing showed regular 
pore-tubes within i 
which were found a 
large number of basidia 
in series with attached 
hasidiospores, probasi- 
dia and tramal hyphae 
bearing clamps only 
(cystidia-Iike). The 
fruits of the third 
subculture in sections 
showed regular pores 
containing basidia, 

It is thus seen that 
though considerable 

' damage persisted in 
two plate sub-cultures 

I of the first generation 

1 a s m a 1 1 amount o i 
reversion to normal 
state was also 
noticeable in the first 

1 generation since (a) 
the condition of the 
vegetative hyphae i'n 
the tube-sub-culture 
was almost I ike that of 
the normal and the 
damage was only 

1 slight; and (b) the 

1 fruits of t h e fi r s t 

1 generation (both in 
; p late and tube ) 

: developed regular pore- 



RADIATION ON POLYPORES. 


•21 


In the vegetative stage. 


In the reproductive 
stage. 


Clamped and n o n - 
clamped hypliae were 
both present; some- 
times non-c lamped 
ones were in excess of 
the clamped ones while 
at other times t h e 
clamped ones were 
greater in number- i 
Mediate branches were j 
always present and I 
conversion of living | 
hyphae into hairs Avas j 
noticeable to the same j 
extent as in the maiii ! 
plate. Another feature i 
was that the damaged | 
condition of hyphae 
w a s always m o r e 
pronounced in the 
second subculture 
(made after the second 
exposure) than in the j 
first one. The third j 
subculture hi t u b e s | 
twenty days after the j 
second IS minutes | 
exposure was quite j 
unlike the other two in j 
that the damaged | 
conditio n of the j 
A^egetative hyphae Avas i 
only s 1 i g h t 1 y j 
perceptible. Damaged ; 
h y p h a e were some- | 
times ^ found but the | 
majority of the hyphae i 
were m u ch h ea 1 1 h i e r i 
though still m u c h | 
narrower than the | 
normal ones. Majority I 
Avere filled u p a n d ; 
most! y arranged in ■ 
parallel rows in 


basidiospores a n d 
tramal hyphae elongat- 
ions. Two fruits from 
the second subculture 
and another from the 
third subculture Avere 
inserted in agar plate 
on 12th December, 
1936. Spore-fall Avas 
scanty on the next 
day from both but 
spores did not germi- 
nate even after 7 days. 
As it was thought that 
germination av a s 
checked OAving to 
croAvding of spores in a 
limited space^ spores 
Avere transferred from 
both to malt agar tubes 
and kept inside incuba- 
tor (37^C) OAving to 
loAV / temperature 
conditiolis at that time 
together Avith the agar- 
plate contain in g 
spores. But none of 
the spores germinated. 
The spores Avere not, 
therefore, viable- 


smears. 


ObserA^ationsl 


tubes, containing basi- 
dia and basidiospores 
though the latter were 
non -viable. 


(b) Conidia in the 
first tAvo subcultures 
were almost none, one 
or tAvo being very 
rarely found, Avhile in 
the third subculture 
conidia were in fairly 
good number- 


(c) Chlamydospore.s ; 
in the first two subciil- | 
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In the vegetative stage. 

In the reproductive j 

stage. j 

Observations. 


lures never developed 
in large numbers and 
their number remained 
a few throughout; a 
peculiar feature was the 
formation by some 
cystidia-like chlamy- 
dos pores. But in the 
third sub-culture 
c h I a m y d o s p o r e s 
developed enormously. 


(2) III the case of Trauietes cingulata three subcultures from 
the main plate were carried out, the first after the first IS minutes’ 
exposure, the second after the second 15 minutes’ exposure and 
the last on the twelfth day after the second exposure. Complete 
recovery to the normal state was noted in all of them. Subcultures 
were carried up to the tliird generation and in no case damage was 
found to persist. Damage was noted first on 10th November, 1936, 
and recovery on 23rd November, 1936, thus the intervening period 
was 13 days. Exposures given daily for 5 minutes are, therefore, 
more injurious than a single long exposure twice in a fortnight. 
No transfers were made to wood-block and fruiting occurred any- 
where even in the control. 

(3) In the case of Polyporus ostreiformis three subcultures 
were carried out from the irradiated plate, the first after the first 
15 minutes’ exposure, the second after the second 15 minutes’ ex- 
posure and the third and the last nine days after the second exposure. 
The first two subcultures were in plates but the last one was in tube 
and hence no question of fruiting can arise in the case of the last 
subculture. But while the last subculture showed complete rever- 
sion to the normal state, the first and the second subcultures showed 
some differences. 

In the vegetative stage. In the reproductive | observations. 

(ar) Hyphae. ^ No fruiting occurred Only the last sub- 

in the second sub-cul- culture showed com- 

In the first subcul- ture (i.e., after 30 plclc reversion to the 

ture the hyphae were minutes’s exposure). normal state, 

slightly damaged and But fruiting occurred 
majority were healthy, ! in the first subculture 
while in the second (i.e., after 15 minutes’s 
ones majority of the exposure) within the 
hyphae were damaged normal period — nine- 
and only a few were teen days after inocu- 
healthy. lation. The fruit Was 
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In the vegetative stage,. 

In the reproductive 
stage. 

j Observations, 

1 

( b ) N 0 c 0 11 i d i a w ere 
present in the first sub- 
culture, but a feW' 
conidia could be found 
in the second, 

( r j Chlamydospores 
were a few in the first 
siib-cultnre but always 
greater in number in 
tlie second. 

wei 1 - f ormed showing 
in cross-section pure 
basidia bearing sterig- 
mata and spores fully 
agreeing with the nor- 
mal ones in measure- j 
ment. The fruit was 
inserted in plate on 
23rd December, 1936, 
and spore- fall occurred 
within four hours and i 
continued for five days. | 
The spores germinated 1 
quickly inside the in- i 
cubator at 37^ C. in 
norma! manner and i 
clamps de\^eIoped after j 
five days in agar plate, i 



Changes m the second set of sub-cultures in tubes from the 
first set (i.e., in the second vegetative generation) 

1 case ot Polysfictus Iconinus as arowth became 

Iw ••‘'“I they «.re“.r.,.sferrSl"„ 
.-Iicl iJectmbti, 1936, _to fresh nialt-agar tubes. Thev formed the 
second generation. The damage totally disappeared 'and complete 
1 excision to the normal state took place in the second generatfon 


In the vegetative stage. 


(n) Hyphae. 

^ 'i he hyphae were all 
like the normal one.s 
and were filled up with 
well-developed clamps 
and mediate branches. 
The three subcultures 
irom the first genera- 
tion (in plate) were 
transferred to wood- 
blocks ^ (mango) on 
11th November, 1936. 
Growth was very vigor- 
ous^ and smear' e.xami-" 
nation on 2nd January, 
1937 showed complete 
recovery ■ in wood- 
blocks too. Recovery, 
therefore, took • place 
a,tter thirty-three days 
m all. 


In the reproductive 
stage. 


I ^ In malt-agar tubes 
I fruits appeared on 9th 
I December 1936 within 
I the normal period (7 
I days). The fruits on 
I sectioning showed basi- 
dia with attached 
spores mixed with 
tramal hyphae bearing 
clamps and some even 
bearing terminal ma- 
ture spores. Three 
fruit each from one 
sub-culture were in- 
serted in agar plate on 
iSth December^ 1936, 
Spore-fall occurred on 
the next day from all 
but their number was 
scanty in comparison 
with the large number 
of spores discharged 


Observations, 


I Sub-cultures were 
I carried upto the fifth 
! generation. Damaged 
I condition was never 
I found and fruiting al- 
ways occurred within 
i the normal period 
which ranged from 10 

I to 11 days. 
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Recovery from damage 

In the case of PoIysfkfHs leoniHus damage was first noted in 
the main ])late after the first exposure on 21st October, 1936. 
llie damage persisted in plate subcultures of the first generation. 
C'omplete recovery was noted in tube subcultures of the second gene- 
ration on 9th December, 1936. The total period was 44 days. The 
recover\'-period in wood-blocks (which represent cultures of the 
second generation ) calculated from the date of inoculation of the 
wuud was 33 days. Dai!}' five minutes’ exposure is, thus, more 
injurious than one long ex|)osure given twice. Ramsey and Bailey 
?]3i also lajld that “increasing the number of exposures is more 
etTective than increasing the length of exposure”. The fruiting 
|)eriodi uf the main plate a*a:l of the subculture of P. leofiinus is 
suininarised below : — - 

The main plate fruited in the course 
of 15 days. But no regular fruit- 
body or any fruiting areas nor any 
spores were formed, only Lasidia 
had appeared. 



y 

ubcultures 

P'ruiting period 



N o 

Regular 
f r 11 its 
formed 
in (1) 

& (2) 

(1) 

dst. generation 

2nd. generation 

9 dzy s 

Control fruited in 

6-7 days 
Control fruited in 

7 days 

■ 

Regular j 

' (3) 

3rd. generation 

10 „ 

Control 

,, 10 days 

fruits 1 

formed i 
in (3) 1 

(•^) 

I 

4th. generation 

11 s. i 

1 

Control 

„ 11 <lay 

(4)' & (5) ’ 

i (5) 

5th. generation 

10 „ ! 

Control 

,, , 10 days 


Recovery from damage in both Tramefes cingtilaia and Poly- 
pants ostrcifanuis noted in the first generation subcultures. 
Ii) Poly pants (}strcif(fnnis damage was first noticed in the main plate 
after the first ex])osure on 11th November, 1936. Complete 
recovery wars ipjted in the third tube-subculture of the first genera- 
tion on 6th Decem])er, 1936. The interval, therefore, was 25 days, 
which is (|uicker than in the previous case, 

i.eax'ing aside fruit- fimmation in the main plate which occurred 
after the hrst exjxjsure of 15 minutes at a time when there was no 
great damage to the hyphae, fruit-formation in the first subculture 
from tlte main ])late deserves notice. This subculture was carried out 
when the inain plate had received continuous exposure for 15 minutes 
iind the fruit formed was normal in every respect. But the corres- 
ponding sit])ciilture in the previous experiment after three consecutive 
exposures of 5 minutes each, showed no fruiting. It is, therefore, 


Control fruited in 

8 days 
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evident that even as far as fruit- formation is concerned (i.e., in the 
reproductive phase), exposures of 5 minutes’ duration given on three 
successive days are more injurious than a single long exposure of 
equal duration. This is further supported by the fact that in every 
case studied recovery in the vegetative phase was quicker in the case 
of twice IS minutes’ exposure in a fortnight than that of daily S 
minutes’ exposure for 15 days. This statement applies equally well 
to P, leoniniis, T. cingulata or P. ostreiformis. 

Irradiation of fresh spores of Polystictus leoninus by ultra- 
violet rays ( a) for thirty minutes { b ) ten minutes and ( c ) five 
minutes. 

(a) A sporophore of Polystictus leoninus from a tube culture 
was inserted on agar plate on 27th January, 1937. Spore-fall 
.occurred within four hours of insertion and was collected in two 
plates. One plate containing fresh ungerminated spores was irradi- 
ated by ultra-violet rays through cellophane paper (*025 mm. thick) 
on the same day for a period of thirty minutes while the other plate 
was kept as a control. The type of lamp (Hanovia Alpine Sun) , the 
distance from the arc etc. were the same as in the previous experi- 
ments. Both the irradiated and non-irradiated plates were kept 
inside the incubator at 37° C. The control spores germinated within 
three hours while the irradiated spores did not germinate even after 
eight days. 

{b) Another agar plate containing fresh spores of Polys, 
leoninus dropped from an artificial fruit on 3rd February, 1937, was 
similarly irradiated for ten minutes keeping a control plate. Both 
the plates were kept inside an incubator at 37° C. The spores in the 
control-plate all germinated by the next day while the irradiated 
spores did not germinate even after eight days. Some of the irradi- 
ated spores were transferred to malt-agar plate, but here they also 
did not germinate, 

(c) On 23rd February, 1937, fresh spores of P. leoninus in 
- agar plate were similarly irradiated for five minutes only, keeping 
a Gontro! plate. Both plates were kept as before inside the incubator 
at 37° C. The spores in the control-plate all germinated by the next 
day while a good number of irradiated spores germinated only after 
two days, f.c., on the 25th February; the}^ were both subcultured to 
malt-agar tubes and were kept in the culture room. Growth was 
vigorous ill the tulies containing normal (non-irradiated) spores and 
perfect fruits appeared in the course of seven days while the tubes 
containing irradiated spores showed no sign of progress at all even 
after sixteen days. 

^ On the same day fresh spores in an agar-plate from an artificial 
fruit of P. leoninus in a tube culture after complete recovery from 
the effects of radium (fruit of the third siibculture in the fourth 
generation from the main plate of P. exposed to 120 mg. 

of radium for six days) were irradiated for five minutes only, 
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keeping a control-plate. The spores in the control-plate all germi- 
nated b}’ the next day while the irradiated spores germinated two 
days later. Both were transferred to malt-agar tubes and were kept 
in the diffused light of the culture-room. As in the preceding case 
growth was vigorous in the tube containing non-irradiated spores, 
leading to the formation of perfect fruit in the course of seven days, 
but the tube containing irradiated spores did not show any trace of 
growth even after sixteen days. Thus, it is seen that spores dropped 
from a sporophore of P, leoniims in malt-agar tube after complete 
Tixovvry frtjiii treatment with hea\y doses of radium reacted to 
iikra-\'iulei ra\'s in. the same way as spores from a normal fruit- 
l:)ody ill culture. 

Side by side, the influence of sunlight, incandescent light 
{150 C. P. bulb) and of heat upon ciiliures of these Polypores 
zeas studied. 

Influence of sunlight exposure for ten days on culture of 
{ a ) Polystictus leoninus. 

A plate culture of P. leoninus inoculated on 25th November, 
1936, wa^ ex])<)^ed to solar radiation. The petri-dish containing the 
culture u'as placed on a thick glass plate over which was placed a 
lieiljar the rim of which was sealed to the glass surface with vaseline. 
It was exp'osed to the direct rays of the sun over a raised 
horizontal wooden platform. Exposure was first given on 28th 
November, 1936, i,e,. three days after the inoculation and ended on 
Skli December, 1936. During this period exposures were given 
almost daih' for 10 days. The period of exposure was four hours 
from 12 — 4 p.m. The temperature of the surrounding air varied from 
30°-33° C. Two subcultures were carried out, the first after 3 days’ 
exposure and the second after 6 days’ exposure. 

Results in the main plate 

Tlie culture media contracted from the edges of the plate and 
gradually came to occupy the centre with increasing evaporation of 
moisture, it liecame reduced to a thin sheet and presented a dried 
and hardened a|)|>earaiice. The result produced b}^ solar radiation 
was much more significant than that produced by ultra-vdolet, X-ray 
ur radium exposures. The very first exposure on 28th November, 
1936, was sufficient to check the growth of the colony. No further 
growth occurred during the period before the second exposure and 
growth became |)ermanently checked. The fluffy nature of the 
hy])hae became entirely lost and the whole hyphal mat presented an 
a(l])ressed a|:)j.)earance but did not tend to sink down to the bottom. 

With increasing exposures the hyphae became extremely narrow 
with clam])s extremely reduced in size. The protoplasm became 
broken up into disconnected masses with a tendency to break up into 
oidia. A few conidia developed after the third exposure on 2nd 
December, 1936 Le.,- 4 days after inoculation but they never in- 
creased.,.. Furth.erm.ore, the . number .. of mediate branches. ' became 
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vei*}^ much reduced. A large number of hypliae became totally 
clanipless and such non-clamped hyphae came into preponderance. 
Hypliae were also found to disintegrate in large numbers. No 
chlamydospores were produced. There were no basidia when the 
cultiire was first exposed, and no basidia ever developed in the 
main plate, so that fruiting was entirely suppressed. In other words, 
the culture ultimately became dead. Hot-agar was poured over 
the culture on 15th December, 1936 but there was no revival. 

' Results iR the sub-cultiires in the first vegetative 

generation) 

Two subcultures were carried out in malt-agar tubes after the 
third and sixth exposures, but no growth was noticed at all either 
at room temperature or in incubator at 37 "" C. 

Influence of sunlight-exposures for fifteen days on culture 
of (b) Trametes cin^ulata : — 

A petri-disli culture of T. cingidata inoculated on 4th May, 
1937, was exposed after six days to direct solar radiation. The 
plate was almost full when the culture was first exposed. Exposures 
were given for three hours daily for 15 days, the first exposure being 
given on 10th May, 1937, and the last on 26th May, 1937. 

The time of exposure was from 9 a,m.-12 p.m. The tempera- 
ture of the surrounding atmosphere varied during this period from 
3 5 '"^-40° C, The method of exposure was the same as in the previ- 
ous experiment, excepting that the sides of the petri-dish were 
covered by a strip of white paper, and an Erleiimeyer flask contain- 
ing 4^/c alum solution was placed over the petri-dish inside the 
belljar. This devise eliminated a certain amount of heat and 
the temperature taken by actually inserting a thermometer inside 
the petri-dish during exposure was found to be 30°-3S° C. which 
was less by 4 to 5 degrees than that of the surrounding atmosphere 
and higher by 1 or 2 degrees than the room temperature. 

Results in the main plate 

i l ) The first effect was a change in the external appearance 
of the culture. The culture media together with the hyplial culture 
contracted gradually from the circumference of the petri-dish and 
ultimately came to occupy about three-fourths of the plate owing 
to evaporation of moisture from the medium. The thickness of the 
medium was also very much reduced. The plate showed distinct 
2 'ouation before exposure — the eff'ect of alternation of light and 
darkness — but the difference between zoned and non-zoned areas 
ultimately disappeared and the culture presented an ad])ressed 
appearance. 

(2) Damage to vegetative hyphae was rather insignificant in 
comparison with P, Iconinus, A good number of deadband empty 
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In’phae were produced. The protoplasm of vegetative hypliae be- 
came broken up into disconnected chains and a strong tendency to 
lireak u|) into oidia was noticed at places only. But the niajority 
nf the li\’phae were healthy though a little narrower than the normal 
nties. 

{ 3 I The number of conidia slightly increased at first but after 
the tliird exposure, they raRidiy diminished in number as the majority 
of them became ccniverted into thick-walled chlamydospores. 
Chlamydos])<)res ultimately preponderated over conidia. 

{ 4 ) Mediate Itranches, in addition to those already present, were 
fumvl to increase. They were not produced from the main hyphae, 
iiiit were dew^Iopi^d as direct prolongations of the clamps. They 
were short in length, without any clamps, and did not present a 
tlainaged a|)])earance. Tin’s is usually regarded as reduction to the 
monocaryun stage, as |)ointed out by Brodie (3). No fruit appeared 
as it was a non- fruiting strain. 

Results in the sub-cultures (i.e., in the first vegetative 
generation) 

Tliree stiljcultures were taken from the main ])late, the first 
after the second expo^ure on 12th Ylay, 1937, and the second after 
the seventh exposure on 18th May, 1937, and the third after the 
fifteenth exposure on 27th May, 1937, in malt-agar tubes. Compfete 
recovery was noti^d in all these subcultures in the course of four 
days, conidia developed in large number and nowhere damage was 
found to persist. Wood-block (Acacia) subcultures' were taken 
from the main plate and from the second subculture of the first 
generation on 28th May, 1937. The wood-block culture froni the 
main ])Iate re]'>resents tlie first generation while that from the second 
subculture represents the second generation. The first smear taken 
from both the wood-blocks on 4th June, 1937, f.t’., seven days after 
inoculation, showed complete recovery to the normal state. Growth 
was very vigorous in botli. No frttiting appeared anywhere as it 
tvas a non-fruiting strain. 

Influence of incandescent light (ISO c.p. bulb) 

( A ) On culture of Polystictus leoninus* 

A petri-dish culture of P, I eoninus inoculated on lOtli August, 
193b, was ex])()sed to incandescent light from 15th August ('/.c., five 
days after inoculation ) to 5th September, 1936. LXiring this period 
aU(tgether sixteen exptrsures were given, each exposure being of 6 to 
7 Inairs duration. The culture was placed at a distance of 50 cm. 
directl}' ])elow the source of illumination. The temperature recorded 
near the culture varied from 30® to 32® C. and this was alweiys 
f«)und to he higher by only one degree than the room temperature. 
The ]>etri-dish hd was never replaced by cellophane so that a portion 
of the light was cut off h}' the glass. Exposures were always given 
in a dark rcu.)m thus excluding all chances of outside illumination. 
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Results in the main plate 

The liypliae were all binucleated with, as usual, a good number 
of mediate branches and a few chlamydospores before exposure was 
begun. There were no conidia and no trace of basidia. 

(T ) Dauiage to the vegetative hyphae by such long exposures to 
strong illumination was not much. The protoplasm of the vege- 
tative hyphae gradually fragmented. A large number of hyphae 
were devoid of cell contents, lost their clamps and became converted 
into hairs. But this is quite a normal phenomenon and takes place 
in normal culture as it becomes old. No tendency to break up into 
oidia Avas noted. No conidia developed and the number of 
chlamydospores was never found to increase. 

(2) Damage to the }‘e pro due five stage. 

The first appearance of basidia was noted in smear only on 
18th August, 1936, ie., 8 days after inoculation while the control 
fruited perfectly well after 6 days. The basidia were all immature, 
though present in good number. They were never found to be 
arranged in close cluster, but were always irregularly scattered. 
They never came to maturity and were never found to bear sterig- 
niata or spores. The basidia, however, became much affected by 
radiation. They gradually became much shrunken in appearance, 
decreased in number and totally disappeared from the culture after 
the tenth exposure on 28th August, 1936. No fruiting area was 
formed upon the culture and no porous surface was formed, so that 
fruiting could not be detected from the appearance of the culture as 
a whole. 

No further subculture or transfers to wood-blocks were carried 

out. 

{ B ) On culture of Polyfporus ostreiformis* 

A petri-dish culture of P. ostreiforims inoculated on 10th 
August, 1936, was exposed in the same manner to incandescent light 
from 15th ikugust, 1936, to 5th September, 1936. The details of 
the method were the same as in the previous experiment. Altogether 
sixteen exposures were given, each exposure lasting for 6 to 7 hours. 

Results in the main plate 

(1) Damage to the vegetative hyphae was slight. The hyphae 
Avere all binucleated, broad and narrow, with a good number of medi- 
ate branches when exposure was first begun: A few chlamydospores 
were present. This condition continued right upto the end but as 
the culture became old, the number of chlamydospores was found to 
increase and a good number of vegetative hyphae had protoplasm 
fragmented at places only. Some empty hyphae Avere also produced: 

But these are normal phenomena and cannot be attributed to the 

effect of strong illumination. 
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(2) Damage to the re productive phase was very great. No 
fruiting ever occurred in the main plate while the control plate 
fruited perfectly well after 18 days. No moist spot developed in 
the main plate anywhere and the presence of basidia could not he 
detected even in smears. 

No further subcultures or transfers to wood-blocks were 
carried out. 

Influence of heat upon culture of Trameies ciniulata 

A full-grown plate of T. cingulata was exposed to heat. Half 
of the plate was placed over paraffin bath at 55 "" C. while the other 
half was projecting out and was held in position by clamp. The 
plate was heated for S, 10, 20 and 30 minutes, but no damage was 
noticed either to the hyphae or to the conidia. Heating was then 
continued for 40 minutes. It was observed that some clamps had 
fallen out and that empty hyphae were found in fairly large number 
and conidia were killed in number. The control half was normal. 
The heating effect slowly passed away and the heated half gradu- 
ally reverted to the normal state within two to three days, as revealed 
on smear-examination. 

Another full-grown plate of T, cingulata was treated on the 
same day with X-rays at 150 K V., 3 m. a. at 30 cm. fi*om the 
target for fifteen minutes. Half of the plate was exposed to X-rays 
while the other half which served as control was screened with lead 
rubber. On comparison damage was found to be greater with 
X-rays than with heat. Barnes (1) also held that X-rays alone 
•were much more effective than increases of temperature. 

Ultra-violet and Solar Radiations 

Discussion and conclusion 

Though in all three cases (Polys, leoni/nus, T. cingulata and 
Polyp, ostreifonms) there was finally reversion to the normal state 
within a varying period, it was clear from the foregoing results that 
increasing the number of exposures was more effective in causing 
damage both to the vegetative and reproductive phases than increas- 
ing the length of exposure, as held by Ramsey and Bailey (13). 
In the case of Polyporus ostreiformis the greatest damage to the 
reproductive phase (fruit- formation) was caused by ultra-violet 
rays of daily five minutes’ exposures for fifteen days with the first 
vegetative generation subcultures, where no fruiting areas or pores 
or any basidia were found; whereas in the main plate irregular 
fruiting areas without pores and rudimentary basidia without spores 
were found. This might probably be due to the '‘latent period” or 
to the delay in the appearance of the effects of radiation in living 
organisms. In the case of Polystictus leoninus^ however, the great- 
est amount of damage to the reproductive phase was caused in the 
main plate, where no porous surface and no erect fruit-body were 
formed though a few shrunken basidia were irregularly scattered 
without attached spores. In the first vegetative generation subcultures 
from the main plate exposed to daily radiation of five minutes for 
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fifteen clays a |)oroiis surface was formed with basidia arranged in 
series. These basidia were without attached spores and in the final 
erect fruits the pore-tubes were empty. But in the first vegetative 
generation subcultures from the main plate, exposed to only twice 
fifteen minutes’ exposures in a fortnight, erect fruits were formed 
with regular pores and basidia arranged in series with attached 
spores, but the sporefall in moist agar plate w^as scanty and spores 
were not viable. Normal viable spores from normal erect fruit- 
bodies were found only in the second generation subcultures where 
complete recover}' was noticed. 

The efiTct of exposure to direct sunlight minus ultra-violet rays 
but combined with higher temperature was much more pronounced 
than that of ultra-violet. X-rays or radium in both the vegetative 
and reproductive phases. The killing effect was evident after the 
second exposure and the cultures ultimately died, they could not 
be revived in subcultures ; thus, the fruit formation was permanently 
checked. In the case of incandescent light (150 c.p. bulb) however, 
the damage to the vegetative hyphae was slight though in the repro- 
ductive phase the fruit-formation was ultimately suppressed. These 
Polypores are white without any pigment. Burkholder (4) 
has remarked that ‘'where light exerts an action upon 
growth, it is proljably l)r ought about by absorbing sub- 
stances (pigments) present in plants.” Exposing culture of 
Tranietes cingulaia to heat (55° C.) for forty minutes some damage 
was produced, which however, passed off in the course of two to 
three days, Dickson (7) could get no saltation by application of 
heat. Comparison with X-rays shows that X-rays produce greater 
damage than heat alone. Ultra-violet rays had great killing effect 
on freshly shed spores on moist agar surface, with deci'ease of 
exposure to only five minutes some of the spores could germinate 
but they could not progress further. Stevens (17) also 
found that an exposure of ten minutes to ultra-violet rays 
killed the spores. My experimental results confirm the 
observations of Smith (16) that ‘Mhe changes in fungi which 
have been described as due to the influence of visible and ultra- 
violet light have not been heritable. They have been in no sense 
mutations.'’ 

( )ne common feature of these different modes of treatment 
was aluKjst universal reduction in fertility, sometimes the action of 
the external agent was so violent as to cause the death of the 
organism or of the spore, that is, in such cases the damage has been 
so severe that it cannot be repaired. In other cases the damage has 
been of a temporary nature so that there is ultimate reversion to the 
normal form after a period of growth. Barnes (1) is probably right 
here in holding that treatment with violent external agents may well 
hasten the slow normal changes of a degenerative character, briiig*- 
ing about a general derangement of physiological balance of the cell. 
Karl Sax (14) lufids that '‘beat and age seem to induce the same 
effects a.s X-ray treatment.’* 
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Influence of X-rays on artificial cultures of three 

Polypores 


Two kinds of X-rays were employed— ( 1) hard rays from a 
Coolidge tube of 150 K potential with tu]')e-current of 3 niilli 
amperes, the distance from the target being 30 cm. and (2) soft 
rays of 50 K. Vo and 30 K W potential with tube-current of 2 milli 
amperes and 3-5 m. a., the distance from the target being 18 and 
10 cm. respectivel 3 o 


Daily one hour (hard) X-ray exposure for 14 days at 150 
K V., 3 m. a. on cultures of Polystictus leoninus and Polyporus 
ostreiformis- 

Damage in the main piate 

(1) i\ malt-agar ])late of Polys, leoninus inoculated on 25th 
June, 1936, was taken. The culture received 14 exposures in all on 
almost consecutive days. Whth the exception of the lirst four 
exposures which were given for 30 minutes each, the remaining ten 
exposures were each of one hour’s duration. Exposure w'as first 
Ijegun on 1st July, 1936, ie., 5 days after inoculation and ended on 
28th July, 1936. The petri-dish lid was replaced ])y cellophane 
(sterilised with alcohol ) during exposure. The hyphae were with 
clamps and some mediate branches, they were non-conidial without 
any trace of basidia. A plate culture was kept as a control. 
Damage 

In the vegetative stage. | In the reproduct i\e Obser vations. 


(a) Hyphae 

The first exposure to 
x-rays produced very 
appreciable damage to 
the protoplasm and 
.heatvy ■ damage was 
noticed after the fifth 
expo s u r e . The 
changes produced in 
the vegetative hyphae 
were death and des- 
truction, With in- 
creasing doses of nidia- 
tion the protoplasm of 
living hyphae became 
more and more dama- 
ged and showed a very 
much vacuolated appea- 
rance or were in dis- 
connected chains with 
a strong tendency to 
break up into oidia ■ 
(i,e. conversion to the | 
nv )nocaryon stage ) . 
Clamps were destroyed 
in good many hyphae 


Fruiting was greatly 
affected in the main 
plate. The first ap- 
pearance of basidia was 
noted on 5th July 
(1936), i.e. 10 days 
after inoculation while 
the control plate pro- 
duced perfect fruit on 
the 7th clay after in- 
oculation, so that fruit- 
formation was delayed 
by 3 days in the irradi- 
ated plate. The basi- 
dia at their first appear- 
ance were all in dense 
cluster but they did 
not bear sterigmata or 
sporp, tramal hyphae 
bearing clamps but 
with no terminal spores 
were sometimes found 
amongst the basidia. 
.Some abortive fruit- 
bodies appeared in the 
main plate after 15 
days and these on sec- 


No saltant hyphae 
were produced. 

Not only fruit- for- 
mation was delayed by 
3 days, but thedevelop- 
m ent o f rep r odu c t i ve 
bodies was almost 
entirely suppressed. 
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In the vegetative stage. 

In the reproductive 
stage. 

Observations. 

and numerous extre- 
mely narrow non- 
clam ped hyphae in 
addition to mediate 
branches were pro- 
duced. But the num- 
ber of clamped hyphae 
(dicaryon ones) pre- 
ponderated. Empty 

hyphae and hairs were 
produced in large 

number. 

tioning several days 
after they had been 
formed, were found to 
consist only of hairs, 
not even any pores were 
formed. Basidia were 
scarcely visible on 
smear examination, 

they were few and ir- 
regularly scattered and 
very much shrunken. 


(b) A small num- I 
ber of conidia ap- i 
pea red at the end on 
28th July 1936, i.e. 34 I 
days after inoculation. 



(c) ^ Chlamydospo- ! 
res which at first were : 
itw, were found to 
increase in large num- 
bers later on. 

I 



(2) A malt-agar plate was inoculated with Poly poms ostrei- 
formis on 2Sth June, 1936, and was exposed to X-rays. The lid 
of the petri-dish was replaced by cellophane during exposure. 
Exposure was first given on 30th June, 1936, i.e., 5 days after 
inoculation and ended on 27th July, 1936. During this period 
altogether 14 exposures were given. With the exception of the 
first four exposures which were given for 30 minutes each, all other 
exposures were of one hour’s duration. The hyphae were all broad 
with clamps, measuring 4-6, a in breadth, with a good number of 
mediate branches and chlamydospores, they were non-conidial 
when the exposure was begun, A plate-culture was kept as a 
controL 


Damage 


In the 'Vegetative' stage. 

In the reproductive 
stage. 

Observations. 

(a) Hyphae 

Damage to the vege- 
tative hyphae was first 
noticed after the third 
exposure on 3-7-36, the 
first and the second ex- 
posures having no 
effect. The damage 
was very slight, the 

No fruiting ever 
occurred in the irra- 
diated plate, though 

1 the control plate frui- 
ted perfectly well on 
14-7-36 (after 19 days). 

A moist spot developed 
on the wall of the irra- 
diated plate on 18-7-36 ; 
(23 days) but this did | 

Fruit-formation was 
entirely suppressed. 
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In the vegetative stage. ; i Observations. 

protoplasm of living not deyelop any further 
hyphae having become and did not show any 
broken up at places differentiation into 
only. With increasing porous area. A smear | 
exposures, the damage examination from this | 
becamje more and more moist spot showed a j 
pronounced. A'acuola- good number of hyp- I 
tion went on increasing hae with swollen club- i 
resulting in the break- shaped ends suggestive i 
ing up of the conti- of rudimentary basidia. I 
ntious mass of proto- 
plasm into disconnec- ; 

ted masses. In many 
hyphae, the protoplasm 
contracted from the 

cell-wall and p resented i 

a streaked appearance, ‘ 

showing a tendency to ; 

breaking up into oidia. 

A large number of I 

hyphae became dead ; 

and empty and many i 

such empty hyphae I : 

with clamps partially I ! 

or totally empty but | i 

still attached, could be : i 

found. Narrowing of ! 

hyphae was another | 

feature which became 

evident after increa- i 

sing exposures and ; 

broad healthy hyphae I 

totally disappeared. i : 

{b) A few conidia i j 

developed after_ the- ! 

13th exposure, i.e. 28 | i 

days after inoculation. ; j 

But their number never [" ' 

increased. ■ I 

i ! 

{c) The number of | 

chlamydosporcs be- I 

came more and more 

reduced till they dis- I 

appeared entirely at i I 

the end. ! 








Changes in sub-cultures from the main plate in the 

first vegetative generation) 

(1) In the case of Polysticfus leonmus altogether six subcultures 
were carried out from the main plate; the first after the first X-ray 
exposure on 1st July,, 1936, and the second, after the third exposure 
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on 3r(l Jiilv, 19v36. The rest 1)ecame contaminated and were, there- ' 
fore, rejeaed. The smear-examination of these two siibciiltiires 
gave almost identical results. 


Damage 


In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


(a) Hyphae 

The protoplasm of 
vegetative hyphae pre* 
sente cl a nuich damaged 
outlook and was much 
vacuolated or in dis- 
connected chains. The 
hyphae became all nar- 
rower than the normal, 
and extremely narrow 
hyphae could be found. 
Empty hyphae without 
clamps and living hyp- 
hae with totally or 
partially empty cfamps 
were found in large 
number and all of them 
became ultimately con- 
verted into dead dou- 
ble-walled hairs. But 
always clamped hyphae 
preponderated over the 
non-c lamped ones. 

(b) Conidia in non- 
clamped hyphae appea- 
red ill the first sub-cul- 
ture after 27 days and 
in the second sub-cul- 
ture''' 'after 25 days in 
large' iiimibers.. 


Irregular fruit-bod- 
ies appeared in both 
the subcultures after 
ten clays as could be 
seen from the appear- 
ance of toothed areas 
round the peripheral 
regions of the culture.s, 
the control fruited on 
the eighth day. Basic! ia 
developed in 1 a r g e 
number at first but they 
were alv/ays irregular- 
ly scattered a m o n g 
masses of dead double 
walled hairs with nei- 
ther sterigmata nor 
spores ; a few tramal 
hyphae with only 
clamps were intermix- 
ed with them. The 
basidia were of irregu- 
lar shape and appeared 
very much shrunken 
even at their first ap- 
pearance. As the cul- 
tures grew older, the 
basidia disintegrated 
and disappeared. 


As in the main plate 
not only fruiting was 
delayed but the forma- 
tion of regular perfect 
sporophores was alto- 
gether suppressed. 


(r) Chlamydospo- 
res appeared in large 
numbers in both tlie 
first and second sub- 
cultures. 


(2) In the case of Polyporus ostreiformis altogether five sub- 
cultures were carried out from the main plate; the first after the 
first exposure, the second after the third exposure, the third after 
the sixth exposure, the fourth after the eighth exposure, and the 
fifth aftei the iuiirteenth or the last exposure, AH these subcultures 
were in malt-agar plates. 
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Damage 


In the vegetative stage. 

In the reproductive 
stage. 

Observations. 

(a) Hyphae. 

All subcultures 
showed the damaged 
character of the vege- 
tative hyphae, but the 
amount of damage was 
far greater in the last 
two subcultures than 
in others. 

No fruiting occurred 
in any plate but hyphae 
with swollen ends 
suggestive of rudi- 
mentary basidia could 
be found intermixed 
with damaged hyphae 
in all plate-cultures. 

As in the main plate 
the reproductive phase 
was totally checked. 
No moist spot ever 
de\^e loped on the wall 
of the plates. 

(b) No coiiidia or 
any dead hyphae 'were 
found. 




(c) Chlamydospores 
were present in all in 
fairly good number. 





Changes in the second set of sub-cultures from the first set 
(i.e., in the second vegetative generation) 


(1) In the case of Polystictiis leomnus two subcultures from 
the main plate were again subcultured in plates on 5th Augusts 1936. 


In the vegetative stage. 

i In the reproductive 

1 stage. 

1 Observations. 

(a) Hyphae. 

Very few noii-clamp- 
ed hyphae were present 
and the condition of the i 
protoplasm resembled | 
normal. I 

(b) , Conidia were 1 

.produced in moderately j 
good number. i 

( c ) Chlamydospores 

were also found in 
good number. j 

'j 

Fruit-body appeared 
in both these sub-ciil- : 
tures after eight days 
(i.e-, 13th August, 
1936) and this was the 
fruiting period for the 
normal at that time. 
Toothed areas showing 
regular pores develop- 
ed and a section showed 
a few basidia inter- 
mixed with a few 
tramal hyphae bearing, 
clamps. 

It is thus found that 
with the exception of 
suppression of spore- 
formation there was 
definite reversion of 
the vegetative hyphae 
to the normal condi- 
tion, and possibly com- 
plete reversion would 
have occurred if the 
plates were again sub- 
: cultured as soon as 
they were filled up. 


(2) In the case of Polyponts ostreiformis, the last two sub- 
cultures showed , a ■ greater amount o-f damage than" others. ■ They 
were again sub-cultured in malt-agar tubes on 1st August, 1936. 
A smear-examination on 4th August, 1936, showed complete 
recovery of damaged hyphae to the normal state. But no fruit-body 
appeared in them as they were in tubes and not in plates, no fruit- 
body having occurred at that time in tubes even in controls. 
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Recovery from damage 

(1) In the case of Polystictus I eonimis damage appeared in the 
main plate after the first exposure on 1st July, 1936. Recovery of 
the vegetative hyphae was noted in both the subcultures of the 
second vegetative generation on lOth August, 1936, i.e., after 
39 days - 


Fruit-body 

appeared 


Control 

In Main plate 

in 

10 days ; 

Fruited in 7 days 

In Subcultures : 




(a) 1st. generation 


10 days 


{b) 2nd. generation 


8 days 

„ 8 days 


(2) In the case of Poly poms ostreifonnis, damage to the 
vegetative hyphae occurred first after the third exposure on 3rd 
July, 1936. Recovery of the vegetative hyphae was noticed first in 
tube subcultures of the second vegetative generation on 4th August, 
1936, ie., after 32 days. 

Daily IS minutes (hard) X-ray exposure for seven days at 
150 K V. with three milli amperes on cultures of 
Polystietas leoninus and Trametes cingulata 

(1) A malt-agar plate was inoculated with Polystictus leoniniu 
on 9th June, 1936. The culture was exposed to X-rays from a 
Coolidge tube at ISO K Vh 3 m. a, for seven days for fifteen minutes 
on each day. The first exposure was given on 13th June, i.e., 4 days 
after inoculation, and the last, on 22nd June, 1936. The petri-dish 
lid was replaced as before by cellophane sterilised with alcohol. 
There were no basidia when exposure was begun, the strain showed 
hyphae with clamps and with a number of mediate branches and 
there were no conidia or chlamydospores or dead double-walled 
hairs. A separate malt-agar plate-culture was kept as a control. 


Damage in the main plate 


In the vegetative stage. 

i In the reproductive 
stage. 

Observations. 

(a) Hyphae. 

The changes in the 
vegetative hyphas were 
that they became more 
and more vacuolated, 
and with increasing : 

1 

The Erst appeax-ance 
of basidia was noted 
on the eighth day after | 
inoculation (i.e, on | 
16th June) which falls j 
within the normal 
p e r i 0 d . Regu larly 

The chief peculiarity 
of the damage was that 
mature spores were 
never found on the 
sterigmata and the 
basidia were of an 
irregular type like an 
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In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


inverted flask, very few 
being clavate. Thus, 
the fruit- format ion 
was partially affected. 


cjjposures they lost ' 
their clamps and pro- 
toplasmic contents and 
were ultiniateb^ con- 
verted into dead 
double-w ailed hairs. 
Xon-clamped hy phae 
w i t h protop lasBi 
broken up into pieces 
were produced in good 
numbers but they were j 
only stages in the for- 
mation of hairs. No 
narrow hyphae were 
produced. It was found 
on the wiiole that 
clamped hyphae pre- 
ponderated over the 
non- clamped ones. 
This type of changes 
was also noticed when 
a normal culture be- 
comes old, thus the 
damage produced was 
not very significant. 

(b) No conidia were 
produced. 

(c) A lew chlaiiiy do- 
spores appeared after 
the_ last exposure but 
t h e i r n u in be r never 
increased. 


raised and toothed 
areas were formed in 
concentric zone half 
way between the inocu* 
lum and the edge of the 
culture, and erect fruit 
bodies showing regular 
pore-tubes appeared 
here and there on this 
zone after an interval 
of eleven days from the 
date of inoculation. 
The pore tubes showed 
a well developed hymn- 
niiun consisting o f 
basidia with sterigmata 
and attached immature 
spores, mixed with a 
number of cyst id ia and 
tramal hyphae hearing 
clamps but no terminal 
j spores. 


Damage in sub-cultnres 

A subculture was carried out in plate after the fifth exposure 
on 19th June, 1936. Smear-examinations from this subculture were 
identical in all respects to those from the main plate. Fruit-forma- 
tion occurred after 10 days and was delayed by 3 days in comparison 
with the control. Pore-tubes were well-developed but they were 
all empty showing- no tjace of basidia or other organs and filled with 
dea<l tramal hy])hae. I he effects of radiation are, therefore, clearly 
evident in the suliculture, though not to the same degree in the 
main ])late, as there was total suppression of the development of 
rei>nxluctivc organs. 

On 25th June, 1936, a wood-block (mango-wood) subculture 
w^as carried out; growth on this wood-block culture was fair but it 
did not ultimately produce any fruit-body. 

(2) A malt-agar plate was inoculated with Tmi/iefey cingulata 
on 9th June, 1936, and was exposed in the same manner to X-rays 
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at 150 K V., 3 111 . a., at 30 cm. from the target for seven days for 
fifteen miiiiites on each day. Exposure was first given on 13th 
Tune, 1936, f.r., 4 davs after inoculation and ended on 20th June, 
1936. 


Damage in the main plate 

The onl}- effect produced was that living hyphae became dead 
and empty of cell-contents in large number. Such dead hyphae 
increased with increasing doses of X-rays. Living hyphae were all 
with clamps and with numerous mediate branches. Conidia became 
enormous with a good number of chlamydospores. 


Recovery from damage in sub-cultures 

Three subcultures were taken, after the first, third, and the 
seventh exposures. They showed no dead or damaged hyphae and 
were absolutely like the normal in every respect. 

A mycelial transfer was made to sterilised wood-block (mango- 
wood) on 23rd June, 1936. Growth was rather stunted and 
checked at first, but later on the wood became completely covered 
up. No fruit-formation occurred in wood-block, in the irradiated 
plate or in any subculture. 

The effect of X-ray exposure for only fifteen minutes on 
culture of Trametes cingulata at ISO K V. with 3 m. a. at 30 cm. 
distance from the target was studied. A malt-agar plate was inocu- 
lated with Trametes cingulata on 30th May, 1936. It was exposed 
to X-rays from a Coolidge tube only once on 6th June, 1936, (when 
the plate was full), i,e., 7 days after inoculation, for a period of 
fifteen minutes only. The petri-dish lid was replaced by cellophane 
during exposure. The hyphae were all with clamps and with 
numerous mediate branches and conidia at the time of exposure and 
the culture showed distinct zonation. There were no chlamydospores. 

The only effect produced by fifteen minutes’ radiation was that 
a number of hyphae became dead, and many were damaged and 
lost clamps. Chlamydospores developed later as in the normal. 
Smear-examination from the zoned area showed numerous conidia 
and mediate branches while that from non-zoned area, show^ed less 
conidia and less mediate branches. These features are also present 
in a normal culture showing zonation. 

A mycelial transfer was made to sterilised wood-block (mango- 
wood) on iSth June, 1936. Moderately good growth was produced 
and smear-examination showed normal type of hyphae with numer- 
ous mediate branches, conidia and a few chlamydospores. No 
fruit-body appeared either in the irradiated plate or on the wood 
block. . ■ 
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Daily one hour X-ray (soft) exposure upon Polysficius 
ieonhius for six days at 50 K V. 2 m. a, 

A. iiialt-agar plate-culture of Polys. Icon in us inoculated on 13ili 
Nuvenil)er. 1936. was exposed to X-rays. The first exposure was 
gi\'en (j:i 16th November, i.e.. 3 days after inoculation, and the last 
on 2()tli November, 1936, Altogether six exposures were given 
within this period and each exposure was of one hour’s duration. 
'Hie ]jetri-dish lid was, as usual, replaced by cellophane. The 
jxaential and tu])e current employed in the case were 50 K \h and 
2 m. a. res|:)ectively and the distance of the plate culture from the 
target was 18 cm. The hyphae at the start were all broad, with 
clam])s and with a good number of mediate branches. There were no 
coniflia, but a few chlamydosfiores were present and there was no 
trace of ])asidia when exposure was first begun. A separate plate- 
culture was ke])t as control. 


Damage in the main plate 


111 the vegetative stage. 


(ii) Hyphae 

Damage to the vege- 
tal ve hyphae appeared 
first alter the second 
exposure ou ISth Nov- 
cmlier, 1930, the first 
expnsure having no 
Hypriae became 
a little narrower than i 
I he normal and their 
p r o t op 1 as m i c cont i n - 

u‘t> became broken by 
at places only. With in- 
cr<‘asing' doses of radia- 
tion many more hyphae 
}>ecamc more and more 
ilamaged and narrow. 
\kiciiolaiion increased 
and the \vlu»le protoplas- 
mic mass of living 
hyphae became broken 
up into disconnected 
c h a i n s. Some ex-' 
tremcly n a r r o w 
damaged iiyphae wi.tli- 
uut any clamps were 
produced. But their 
number always remain- 
ed fewer and clamped 
hyphae whether broad 
or narrow, always pre- 
ponderated over nou- 
clam-ped ones. ■' A good 
iium’ber' O'f empty 'hvp- 
'hae were. produced and 


In the reproductive Observations. 

Stage. I 


Basidia were found 
111 good number when 
they first appeared, but 
with increasing exposu- 
res their numbers be- 
came much reduced. 
This was due to a large 
number of basidia un- 
dergoing disintegration 
and this was especially 
evident after the fifth 
exposure when a large 
number of disorganised 
basidia became aggre- 
gated in masses, took a 
deep stain and lost 
their distinct outline. 

No fruit-body was 
inserted in agar plate 
for spore discharge as 
no regular fruit could 
be found. 


hairs amongst whi<fii | 
were found a few basi- 
dia The basidia 
w^ere much smaller in 
size than those of the 
normal, were much 
shrunken in appearance 
and irregular in shape 
and were never in close 
cluster but irregularly 


Basidia first appeared ; 
! in the irradiated plate ' 
I on 2{)th November, *36, , 
; so that fiuit body app- 
' eared after seven days. ' 
I The control plate also ' 
• fruited at the same 
time. But contrasted ; 
j w'ith the control, fruit- 
I ing was very much 
; affected. no regular 
and erect fruits devc- 
I loped on the culture. 

; Some yellow porous ' 

^ areas were formed but i 
these were distributed j 
in patches over the 
: culture and were not 
aggregated to form a j 
^ complete circular zone ! 
i round the inoculum. | 
Smear- examination | 

: from these fruiting | 
areas showed an im- | 
mense number of dead I 
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In the vegetative stage. | 

j 

In the reproductive 
stage. 

Observations. 

these became double 
walled and were ulti- 
mately converted into, 
hairs which increased 
in iramensed number. 

1 scattered, and they 

1 were never found with : 
1 sterigmata or attached 
spores. 

1 


(b) A few conklia 
were produced after an 
interval of twenty-one 
days after inoculation. 

ic) Chlamydos pores 
entirely disappeared. 




Changes in the first vegetative generation-Sub-cultures 

Altogether five subcultures were carried out from the irradiated 
plate, the first after the first exposure, the second after the second 
exposure, the third after the fourth exposure, the fourth after the 
fourth and last exposure, and the fifth, 7 days after the last 
exposure. The first four subcultures were in plates while the 
last was in trube. 


In the vegetative stage, i In the reproductive 

® ! stage. 


Observations, 


(a) Hyphae. 

While the first and 
the second subcultures 
showed hyphae which 
were all extremely nar- 
row in comparison with 
the n o r m a 1 , wit h 
clamps extremely re- 
duced in size wherever 
present, and with an 
abundance of such 
hyphae rendered clamp- 
less by radiation and 
with protoplasm inva- 
riably broken up in 
disconnected chains, 
the third and the fourth 
subcultures showed 
hyphae of similar na- 
ture together with 
hyphae almost resem- 
bling normal condition 
in about equal pro- 
per t io n s ; the fifth 
sub-culture showed 
an overwhelming pre- 
ponderance of normal 
hyphae. 


Fruit body appeared 
in all after eight days 
which falls almost 
within the normal 
period. The fruit-bo- 
dies were all very regu- 
lar in a p p e a r a n c e, 
showing well-formed 
poretubes, and a fruit 
from each sub-culture 
was inserted in agar 
plate on 16th Decem- 
ber 1936. No spore- 
fall occurred from the 
fruits of the first four 
sub-cultues but spores 
were discharged from 
the fruit of the fifth 
subculture twice on 
17th December, 1936 
and 18tH December 1936 
though very scanty 
each time. Sections 
were taken from all 
and it was found that 
while the fruits of the 
first four sub-cultures 
had pore tubes filled 
only with dead tramal 


In general, the 
damage caused in the 
main plate by radia- 
tion was found to per- 
sist in all but the 
degree of damage pre- 
sent varied to a consi- 
derable extent in each 
sub-culture. The first 
and the second sub- 
cultures showed damage 
to the same extent as 
that of the main plate, 
the third and the fourth 
sub-cultures s h owed 
damage to a far lesser 
extent , wh i I e the fi ft h 
sub-culture s bowed 
only slight damage 
when compared with 
the normal. 
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In the vegetative stage. I the reproductive j Observations. 

(b) Conidia whose | hyphae, that of the last ; 
presence in a non- | had a few living tramal 
conidia! strain like P. j hyphae provided with 
lemihiHs is always | clamps but no terminal 
associated with dam- | spores. Probably, the 
age, appeared in all the I few basidia that shed 
subcultures within 6 i spores had all been 
to 8 days after inocula- * converted into tramal 
tion. Their number hyphae by the time the 
was appreciably great | fruit of the last sub- 
in the first and second * culture had been sec- 
sub-cultures but be- t i o n e d- The spores 
came a few only in the were transferred to a 
third and fourth sub- malt-agar tube and kept 
cultures. The fifth ^ inside an incubator at 
sub-cultures whose i 37^ C. Germination 
condition was almost ^ occurred after an inter- 
similar to the normal, val of nine days from 
had almost no conidia ; the date of transfer 
but a few chlamy- | and clamps developed 
dospores, after eleven days. The 

tube was brought to 

(r) No chlamydos- i 1 i g h t and a small 
pores were found in I yellow patch on the i 
the first four sub- J top of the plant i 
cultures, a few chla- suggesting a normal > 
mydosporcs were pre- sporophore developed 
sent in tlie fifth sub- ■ after sixteen days. | 
culture, I 1. 


Results in the second vegetative generation-Sub-cuItures 

The five sul)cnltures of the first generation were transferred to 
fresh malt -agar tubes, the first and the second on 2nd December, 
]9v^6 and the rest on 5th December, 1936. 


In the vegetative stage. 


(a) Hyphae. 

Sm ear-exa m ina tion 
on 9th. I3ccember, 1936 
showed that in every 
tube the majority of 
vegetative hyphae had 
reverted to the normal 
stage. Damaged hyphae 
showing broken up 
nature of protoplasm 
still persisted in small 
n u m b e r but they 


111 the reproductive 
stage. 


Fruit-body appeared 
in all the fi\e tubes 
w i t h i n the normal 
period after seven days. 
Basidia in close clus- 
ter, some even with 
sterigmata and attach- 
ed spores, could be 
f 0 und on sm ea r - exam i- 
n a t i o n. The fruit- 
bodies were all well 
developed s h o w i n g 
regular poretubes and 


Observations. 


Smear-examination 
showed absolutely nor- 
m a 1 hyphae of P, 
leoninus with clamps 
and mediate branches. 
Thus, complete reco- 
very was obtained in 
the second vegetative 
generation. 


i 

i 
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In the vegetative stage. 

In the reproductive 1 

stage. 1 

1 Observations, 

gradually disappeared 
from the cultures later 
on and normal healthy 
fiyphae came into pre- 
ponderance. 

(b) A small number 
of conidia developed in 
all but their number 
never increased. 

(c) Chlamydospores 
developed in all and 
they increased to good 
number, later on. 

were inserted in agar 
plate on 21st Decem- 
ber, 1936. No spore- 
fall occurred from the 
fruit of the first sub- 
culture (probably due 
to some defect in the 
mode of insertion) but 
spore-fall was obtained 
from all others on 
23rd December, 1936 
and continued for two 
days, though very 
scanty on each day. 
Sections showed that 
the poretubes contained 
' basidia mixed with a 
f e w tramal hyphae 
bearing clamps but no 
terminal spores. But 
no attached basidios- 
pores were found. The 
basidia were all of nor- 
mal size and measured 
26x10 /i. Spores 

from each of the four 
fruit bodies were 

then transferred to 
malt-agar tubes ^ and 
kept inside an incu- 
bator at 37® C owing 
to the low temperature- 
conditions of the time. 
The spores germinated 
after five days and im- 
perfect fruit-bodies ap- 
peared after twelve 
days (owing to being 
kept in the dark). 

1 

! 

Further sub-cultures 


Mycelia from the above five tubes of the second vegetative 
generation were subcultured in malt-agar tubes upto the fifth gene- 
ration but in no case was damage found to persivSt. Fruit-body 
appeared in every generation within the normal period and perfect 
and regular fruit-bodies were produced. The fruit-bodies were 
employed for various purposes when fresh spores were required, 
and in every case copious spore-fall was obtained from fruit-body 
of each tube. In every generation chlamydospores were totally 
absent when the culture was young and ultimately became numerous 
when the culture turned old. Conidia developed in very small 
number in every generation. They never increased in number and 
persisted right upto the end, 
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Inocitla from the main plate as well as from the first two sub- 
cultures of the first generation which showed the greatest amount 
of damage, were carried to sterilised wood-blocks ( mango) 

30th November, 1936. Growth was moderately good in all. The 
wood-block inoculated from the main plate showed recovery on 
22nd February, 1937, f.c., after 85 days, while those inoculated 
from the two subcultures showed recovery after 50 days on ISth 
January, 1937. Fruit-body appeared in the wood-block subculture 
from the main plate on 13th April, 1937, f.c., 104 days after 
inocuiation and 19 days after recovery, vchile fruit-bodies in the 
other two wood-blocks occurred on 8th March. 1937, f.c., 68 days 
after inoculation and 18 days after recovery. Control wood inocu- 
lated in April, fruited after 14 days. A small part of the sporophore 
from each of the three wood-l)locks was taken and inserted in agar 
|)lates on 16th April, 1937. Spore-fall occurred from each of the 
two fruit-])odies of the wood-block subcultures from two first 
generation su1)cultures. though it was rather scanty. Spores ger- 
minated (juickly inside a moist belljar. But the fruit-body from the 
wood-block subculture from the main plate did not shed any spores, 
though section showed that the pore tubes were densely lined with 
basidia measuring 26-30 X 10, « mixed with a good number of 
tramal hyphae bearing clamps only. No sterigmata or attached 
spores were found. 


Recovery from damage 

Damage appeared in the main |)late of Polysticius leoiuniis 
after the second exposure on 18th November, 1936, and recover}’ of 
vegetative hyphae was noted in tube subcultures of the second 
vegetative generation* on 9th Deceml>er, 1936. The total period 
calculated from the date of damage was therefore 22 davs. 




Fruiting period 

of 


Control fruited in 


The Main plate 

7 

days 

7 

days 


(6) 

Sub-colttires 







(1) 

1st. generation 

8 

days 

6-8 

days 



(2) 

2nd, 'generation 

7 

days 

7 

days 



(3) 

3rd. generation 

10 days 

10 

days ^ 



(4) 

4th. generation 

11 

days 

11 

■ days j 

1 winter 
months 


(S) 

Sth. generation ' : 

10 

days 

10 

days* 
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Fruiting period in wood-blocks 



Total period 

Period after 
recovery 

Fruiting 
period in 
the control 
wood-block 

Subcuhures from the main plate 

104 days 

1 19 days 

14 days 

,, 1st. subculture 

6S days 

^ 18 days 


„ 2nd. ,, 

1 68 days 

i 

18 days 



16 honrs^ (soft) X-ray exposure upon Polystictus leoninus 
at 30 K V. 3-5 m.a, 


A nialt-agar plate-culture of Polys, leoninus inoculated on Sth 
February, 1937, was exposed to X-rays on 11th February, 1937, 
from a Heading tube which enabled exposures to be given for hours 
together without interruption. The potential was only 30 K V. 
and the tube-current .varied from 3 to 5 m. a. By increasing the 
tube-current and lowering the potential, not only the output of 
X-rays increased l)ut also the rays became very superficial — though 
much more penetrating than the ultra-violet rays. The lid of the 
petri-dish containing the culture was replaced by sterilised cellophane 
during the exposure, and the plate was fixed in front of one of the 
windows of the apparatus by clamps in such a manner that the 
rays fell vertically upon the culture, affecting an area of about 
3 cm. in diameter round the inoculum. The distance of the culture 
from the target was kept at 10 cm. Exposures were given for five 
hours on 11th February, 1937, five hours on 12th February, and 
for six hours on 13th February, 1937, so that the total period of 
exposure was sixteen hours. 

As the rays affected only a small area round the inoculum, two 
subcultures were carried in petri-dishes, immediately after the third 
day’s exposure — one of this was from the irradiated region and the 
other from the noii-irradiated region near the margin of the exposed 
plate. Another subculture was taken in malt-agar tube from the 
irradiated region six days after the last exposure. The irradiated 
plate and the subcultures were all kept in the diffused light of the 
room. 


Damage in the main plate 


In the vegetative stage. 

In the reproductive 
stage. 

Observations. 

(a) Hyphae. 

Smears were taken 
from both the irradi- 
ated and non-irradiated 

Fruit-body appeared 
in the main plate after 
thirteen days while the 
cont ro ! fruited after 
i nine days. Excepting 

I 

The dama-ge that was 
producecf by three ex- 
posures of total sixteen 
hours’ duration was al- 
most insignificant and 
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In the vegetative stage. ■ Observations. 

regions of the culture. | a delay of four days in j indistinguishable from 
While smears from j the fruiting period no j the normal state, 
the non- irradiated I other effect was pro- ; 
region were abso- j duced, Sporophore ! 
lutely like those from i appeared normally in a j 
the normal, smear-exa- circular zone round the j 
mination from the irra- inoculum and regular | 
dlated region showed pores were formed. { 
hyphae with prtoplasm S m ear- examination | 
slightly damaged and from these fruiting , 
broken up at places areas showed basidia in i 
only and clamps a little large number arranged i 
smaller than those in i in compact layer with | 
the normal. sterigmata and attached j 

spores, mixed with a j 

(/7 ) Conidia develop- large number of tramal [ 
ed eight days after ino- hyphae bearing clamps | 
dilation and were found but no distinct second- | 
when the culture was ary spores. Basidia and | 
first examined after the spores were all healthy ! 
third exposure. But and agreedwiththe nor- ! 
conidia were always a nial in measurements, 
few in number and 
were restricted only to i 
the irradiated portion, j 

. 

(c) Chlamydospores 
developed ' eight days 
after inoculation and 
were found wdien the 
culture was first exa- 
mined after the third 
exposure, subsequently 
chlamydospores increa- 
sed in large number and 
were found throughout 

the culture. j 


Results in the sub-cultures 

The two stibcultures after the last exposure from the irradiated 
and non-irradiated portions in malt-agar plates fruited after twelve 
days, w^hile the subculture in a malt-agar tube after an interval of 
six days from, the last exposure fruited after nine days. Fruiting 
was, therefore, delayed by three days in the first two subcultures but 
occurred within the normal period in the case of the third subculttire. 
On smear-examination, however, they were all found to be abso- 
lutely normal in the vegetative character of the hyphae and no 
damage was found in any of them. Fruit-bodies were very regular 
in all of them, showdng basidia with attached spores, tramal hyphae, 
etc. Thus, except a retardation of three days in the appearance of 
fruit-bodies in the first two subcultures no other effect was produeed. 
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Irradiation of spores by soft X-rays 

Fresh spore-fall from a normal fruit-body of Polysf ictus 
leoniuits in tube was obtained on two agar plates on 16th March, 
1937, One plate was immediately exposed to soft X-rays at 
50 K 2 m. a., from a Coolidge tube at a distance of 30 cm. 
from the target. Exposure was given for lifteen minutes and the 
petri-dish lid was replaced l)y sterilised cellophane during the ex- 
posure. Immediately after the exposure the irradiated plate as 
well as the other plate, which was kept as a control, were both 
kept inside an incubator at 37° C. 

On 17th March, 1937, it was found that with the exception of 
a few spores all the irradiated spores had germinated. The control 
spores also germinated on 17th j\Iarch, 1937. Subcultures were at 
once carried out in malt-agar tubes both from the control and 
irradiated spores. The tubes were kept inside incubator (in the 
dark). No growth occurred in any tube within five days, but on 
23rd March 1937, further growth was noticed in all tu])es con- 
taining irradiated as well as non-irradiated spores. Initiation of 
fruiting occurred in all tubes after seven days, but it took seven 
days more to develop tiny fruit-bodies showing regular pores as 
all the tubes were kept in the dark. Hyphae of subcultures obtained 
from X-rayed spores were similar in all respects to the normal ones, 
and no damaged hyphae were noticed. Two such fruit-bodies from 
irradiated spore-subcultures together with two control fruits were 
inserted in agar plates on 9th April, 1937. Copious spore-fall 
occurred from all tlie fruit-bodies within a few hours of insertion 
and continued for two days. Transfers of spores were again made 
to malt-agar tubes on 11th April, 1937, and fruiting occurred in 
all tubes within seven days. This time the tubes were kept in 
light. Sections showed preponderance of basidia in almost every 
pore- tube, l^earing vSterigmata and attached spores, mixed with a 
few tramal hyphae bearing clamps but no terminal spores. The 
basidia were 26-30 X 10-12, w and spores were hyaline, cylindrical 
and 10-12 X 5-6w. This agrees exactly with the normal in 
measurements. 

X-RAYS 

Discussion and conclusion 

The only work on effects of X-rays on Polypores so far attempt- 
ed, I think, is that of Dickson (7). He irradiated, young cultures 
of Trametes serial is and M^rulius lachrymmis in petri-dishes but 
could not get any positive result, the only change noticed was a 
slowing up of the growth rate due to the heating effect during irra- 
diation. In the present case also only negative result was obtained, 
no sal taut or mutant involving genic change was ever produced. 
With lower fungi ( Mucor, Phycomyces and Chaetomium), how- 
ever, Nadson and Philippov (12) and Dickson (7 & 8) obtained 
saltants which remained constant throtigh a nuniber of succeeding 
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g-eiierations. As with the ultra'-violet radiation various degrees of 
injury were produced l)y X-rays, which have been recorded in the 
preceding pages. From the application of two kinds of X-rays — 
Iiard one of 150 K \h and soft rays of SO K and 30 K V. it 
was found that small doses produced slight injuries from which 
there was quicker recovery, and that heavy doses totally suppressed 
sporophore- formation though conidia and chlamydospores (asexual 
s].M)res) remained almost unaffected. Xadson and Philippov (loc. 
cit.) could destroy the formation of sexual organs (zygotes) of 
Mucor by strong doses of X-rays but they could never prevent the 
formation of asexual s|)orangia. Smith (16) also holds that “fungi 
are rather insensitive to X-rays but large, doses produce killing 
effects/'’ Killing eitects are caused pro])ably by toxic substances 
in the cytoplasm of cells exposed to the action of X-rays. In con- 
nexion with his stud}' of disintegration of chromosomes at 
the first meiotic division in three species of Orthoptera by appli- 
cation of X-rays Whito (18) holds that their complete disinte- 
gration results f rom the destructive action of a substance produced 
or Iil)erated in the cytoplasm as a result of irradiation. 

Effects of radium-radiation on artificial cultures of three 
Polypores {Polystictus leoninus, Trametes cingulata and 
Poly pores ostreiformis) 

As in the case of X-rays both small and heavy doses were tried 
-—5 mg. radium in the case of light dose and 120 nig. radium as 
lieavy dose. The radium used was in the form of radium sulphate 
enclosed within small platinum capsules - I mm. thick, which trans- 
mit mostly Y-rays. In each case the radium was placed on the 
upper surface of the lid of the culture-dish at the centre. In a malt- 
agar plate irradiated with IS mg. radium for half a minute and then 
inoculated with Poly pants s:o nails and Trametes chigulata it was 
found that the grou'th was normal as in a non-ir radiated plate. 

Light dose of 5 mg. radium 

('!) Two malt-agar plate-cultures of Polystictus leoninus 
inoculated on 21st July, 1936, were exposed to 5 mg. radium rays 
for one minute and half a minute on 24th Jul}’, f.e., three days after 
inoculati(ai. Suhsequeiit smear-examination showed no damage to 
tlic vegetative IiNqihae and fruiting areas were formed in both the 
plates one day earlier than that in the control plate. Excepting a 
slight hastening of the reproductive period, the effect of such short 
exposures can neither be regarded as exerting any stimuiating 
iiiff lienee. Siihcultures were carried up to the second vegetative 
generation the growth was found to be perfectly normal and 
fruit- formation was regular as in the noi'mal cultures. 

i, 2i A malt-agar |)late-culture of Trametes cingulata was sub- 
jected to 5 mg, radium rays for one minute on the eighth day from 
the inoculation date when the plate was completely full and showed 
distinct zonatiem in the culture. Hyphae were with clamps and a 
number of short mediate branches, it was a conidia! strain full of 
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coiiidia, such highly conidial strains usually do not form fructifying 
areas. The plate was microscopically examined every day for more 
than a fortnight, but during the period al)solutely no change was 
found. vSul^sequent subculture on sterilised wood-block showed 
normal vigorous hyphae with a number of conidia and chlamydos- 
pores. 

(3) Another similar plate-culture of Trainetes dngulata was 
similarly exposed to 5 mg. radium rays for five minutes. A good 
number of hyphae became damaged by radiation, the protoplasm 
of such hyphae became broken up into disconnected chains of oidia 
and many ])ecame altogether empty, and there was great increase 
in the number of conidia and chlamydospores. But subsequent 
transfers to sterilised wood-blocks showed almost complete recovery 
in the course of about three months. 

(4) A half -grown malt-agar plate-culture of Trainetes cingu- 
lata inoculated on 13th June, 1936, w^as exposed to 5 mg. radium 
rays for six hours on 17th June, 1936, i.e., four days after 
inoculation. Smears were examined at every hour and a subculture 
was taken at the end of each hour of exposure. 

Results in the main plate 

The culture was all with clamped hyphae and with a large num- 
ber of mediate branches, a few conidia and no chlamydospores were 
noticed before the exposure was begun. During the continuance of 
exposure a few dead and empty hyphae w^ere produced and there 
was a progressive increase in the number of conidia at the end of 
each hour. No chlamydospores were produced. Smear-examination 
on the next day i.e., 18th June, 1936, showed the presence of quite 
a good number of dead and empty hyphae. The protoplasm of 
living hyphae became broken up into fragments at many places and 
presented a damaged appearance. A slight increase in the number 
of mediate branches was noted. Conidia increased in large number 
and a good number of chlamydospores was produced. 

Results in the plate sub-cultures 

Altogether six sub-cultures were carried out on the I7th June 
1936, one at the end of each hour's exposure. Complete recovery 
to the noi'inal state occurred in all the subcultures on the 23rd 
June, 1936. 

A transfer was made to sterilised wood-block (mango) on 
23rd June, 1936. Suiear-examination after a month showed a pre- 
ponderance of conidia over chlamydospores. The majority of the 
hyphae were as broad as normal hyphae and were in the living 
condition, but a few dead hyphae also were present. 

(5) A malt-agar plate-culture of Polysticfus leoninus also was 
similarly exposed to 5 mg. radium rays for six hours continually on 
17th June, 1936, after an interval of four days from the inoculation 
date. As in the case of Trametes cingulata smodo^ were exantiu^ed 
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at every hour and a subculture was taken at the end of each hour 
<jf exposure. 

Results in the main plate 

During the continuance of exposure no damage was caused to 
the vegetative hyphae, no conidia were produced, chlamydospores 
which were a few l)efore the exposure was begun, remained the 
same. Subsequent examination of the irradiated plate did not show 
any damage to t!ie hyphae, only the chlamydospores increased in 
faiViy large numl)er but there was never any conidia produced nor 
did the h}’|)hae show any tendency to break up into oidial chains. 
Fruit- formation was not affected in any way, fruiting areas were 
formed within the normal period (seven days) and they showed 
regular an<l healthy basidia and attached normal spores. 

Results in the sub-cultures 

Examination of the six subcultures also showed no damage any- 
where, erect fruiting areas were formed within the normal period 
and they were perfect with normal basidia in close clusters mixed 
with a few tramal hyphae clamped, and some of the basidia had 
sterigmata bearing mature spores. 

Heavy dose of 120 mg. Radium 

( 1 ) A malt-agar |)late-ciilture of Poiysf ictus Iconiniis inoculated 
on 25th June. 1936, was exp<jsed after four days, he., on 29th June, 
1936, for 48 hours continually to 120 mg. of radium. The petri-dish 
containing the culture was kept inverted during exposure and the 
radium was |)laced upon tlie upper surface of the bottom part of 
the petri-dish. The hyphae were all with clamps and with a good 
nnm])er at mediate branches. The culture was absolutely young, 
slviwing no conidia or chlamydospores or hairs and there was no 
trace of basidia wlien the exposure was begun. A separate plate- 
culture was kept as a control. Sul)cultnres from the main plate 
were taken after the removal of the radium (after 48 hours). 

Damage in the main plate 


In the vegetative stage. 


In the reproductive 
Stage- 


Observations. 


(a) Hyphae. 

Damage to the vege- 
tative hyphae became 
evident, on the very 
first , smear-examina- 
tion on 2nd July, 1936. 

• The , protoplasm of 
living hyphae became 
m,«ch vacuolated and 
broken up into frag- 
ments. As the culture 
became old, these 
damaged hyphaegradu- 


Basidia first appear- 
ed in the main plate on 
5th July, 1936 be., 10 
days after inoculation 
while the control fruit- 
ed perfectly well after 
seven days. Fruit- 
formation was charac- 
terised by the appear- 
ance of toothed areas 
round the periphery of 
the culture. Smears 
f rom this area' showed 


The results of irra- 
diation in the m a i n 
plate are therefore in 
the direction of suppre- 
ssion of spore-forma- 
tion, delayed and im- 
perfect development of 
fruit-bodies and a 
gradual conversion of 
healthy and clamped 
hyphae into non-clamp- 
ed damaged ones. 
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In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


ally increased in num- 
ber and healthy hyphae 
almost disappeared. 
The protoplasm became 
more and more vacuolar 
and ultimately broke 
up into disconnected 
chains with a strong 
tendency to break up 
into oidia. Many of 
these hyphae altogether 
lost their cell contents 
and clamps and were 
ultimately converted 
into dead and double- 
walled hairs. Further- 
more, the damaged 
hyphae became much 
narrower than the 
normal ones, clamps 
became extremely 
reduced in size, 
and the protoplasm pre- 
sented a very much 
streaked appearance. 
But the number of 
clamped hyphae always 
preponderated over the 
non-ciamped damaged 
hyphae- The number of 
dead hairs and empty 
hyphae gradually in- 
creased. 


basidia in large number j 
for the first few days. 
But these basidia never i 
came to maturity. They j 
■were never found to ; 
bear any sterigmata or 
spores, were very much ! 
shrunken on [the first i 
appearance and were ; 
either irregularly 
scattered or sparsely 
clustered. A few living 
tramal hyphae could 
occasionally be found 
but no clamps or termi- 
nal spores were found 
in them. An erect fruit 
showing regular pores 
developed, however, 
on the culture on 
10th July, 1Q36, i.e., 
aher fifteen days, but 
on sectioning it was 
found that the pore- i 
tubes were filled only 
with dead tramal 
hyphae and there was 1 
no trace of any living 
element. The basidia 
that were found in 
smears for the first 
few days gradually dis- ] 
integrated later on. 


(b) and (r) 

Coniclia and Chlamy- 
dospores. 


Conidia appeared al- 
most simultaneously 
with chiamydospores 
on 27th July, 1 936, 
'i-e., ,,32 :,days after 
inoculation and both | 
could be found in large 1 
numbers later on. But I 
the number of chlamy- j 
dospores was always I 
greater than that of ’ 
the conidia. I 


Damage in the sub-cultures (i.e,, first vegetative generation ) 

1 wo sub-cultures were carried out from the main plate, the 
first on 6th July, 1936, days after the removal of Tadiunij 

and the second on 8th July, 7 days after its removal. 
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In the vegetative stage. | 


(fjf) Hyphae.'' 

Damage caused in 
the main plate by 
radiation was fully 
transmitted to the sub* 
cultures. The vege- 
tative hyphae were all 
e X t rente 1 y n a r r o we r 
than the normal with 
protoplasm broken up 
into disconnected 
chains of o i d i a • 
Healthy hyphae were 
aitugetlier absent. A 
large number of such 
hyphae became non- 
clamped. emptied of all 
cell-contents and were 
converted into hairs. 
Clamps became e xt re- 
niely reduced in size 
and the number of 
such damaged hyphae 
with extremely reduced 
■clamps were almost 
equal to those wliich 
became non-clamped. 

(b) Conidia develop- 
ed ill small number 
simultaneously w i t h 
c h lamy dospores . Con i - 
dia were first noticed 
ill the first sub-culture 
cn 23rd July, 1936, f.c., 
seventeen ■ days after 
inoculation, and in the 
second subculture on 
20th June, 1936, be., 
12 days after inocula- 
tion. 

ic) Chalamydospores 
and conidia both in- 
creased in large 
numbers later on but 
the number of conidia 
was f o u n d to be 
p r epo n cl e ra^t i'ng 
oV'Cr lhat of the 
ch lamy dospores. 


I Fruiting areas as 
i noted by the first 
I appearance of basidia, 
j appeared in the first 
; sub-culture on 14th 
I July^ 1936, be., eight 
I days after inoculation 
j and in the second sub- 
i culture on 15th July, 

I 1936, f.c.. seven days 
j after inoculation. The 
I fruiting period 
I for the control at that 
I time was seven days. 

I Toothed areas deve- 
! loped round the peri- 
I phery of the cultures 
i and smear* examination 
I fro m these areas 
j showed a large number 
I of basidia irregularly 
I scattered and not in 
cluster. Basidia were 
much shrunken in ap- 
pearance and without 
a n y sterigmata o r 
spores- Erect fruit- 
bodies developed in 
both the plates,, but on 
sectioning they^ did not 
sliow any basidia in the 
pore-tubes but a few 
living tramal hyphae 
bearing only clamps 
and no secondary 
spores. 


Observations. 


No further transfers 
were made to any 
wood-blodc and the 
recovery process could 
not be studied owing to 
accidental contamina- 
tion of both the sub- 
cultures in the first 
generation. 


(2) A malt-agar plate-culture of Poly poms ostretformis inocu- 
l^ec! on 25tli June, 1936, was subjected to 120 nig, radium on 
*-9th June, 1936, i.e\, four days after inoculation when the plate was 
almost full. Radium was placed upon the upper glass surface of 

d- 
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the lid of the petri-dish and removed after 48 hours on 1st July, 
1S)36. The plate-culture showed microscopically all broad and’ 
clamped hyphae measuring; 4-6« in breadth with a good number of 
mediate branches. The clamps were all broad measuring* 3-4^ in 
breadth. There were no conidia but a good number of chlamydos- 
pores were present. x\ separate plate-culture was kept as a control. 


Damage in the main plate 


In the vegetative stage. 


In the reproductive 
stage. 


Observations. 


(u) Hyphae. 

Damage to the 
vegetative hyphae was 
not very great. The 
first sign of damage 
was noted on 6th July, 
1936, /.<?., five days 

after removal of the 
radium- The proto- 
plasm of some hyphae 
showed an increased 
vacuolation and be- 
came streaked in 
appearance or broke 
up at places only- 

A few dead and 
empty hyphae without 
any clamps were pro- 
d u c e d and these 
increased t o good 
number later on. Ex- 
cepting these changes 
no- other effect was 
noticed in the vege- 
tative phase. Healthy 
hyphae with normal 
clamps and mediate 
branches were always 
present in large 
number, and compared 
witli these, the number 
of dead or damaged 
hyphae was insigni- 
ficant. No narrowing 
of hyphae was noticed. 


The reproductive 
phase, however, 
showed considerable 
damage. F r u i t i n g 
areas appeared in the 
main plate on 25th 
July, 1936, i.e., after 
an interval of thirty 
days while the control 
fructified after twenty 
one days. A moist 
spot developed at one 
spot near the periphery 
of the main plate and 
in the course of four 
to five days it assumed 
a yellow colour- But 
no porous area was 
formed. A smear 
examination from this 
condensed yellow area 
showed the presence 
of a good number of 
basidia which were all 
rudimentary and with- 
out any sterigmata or 
spores, mixed with 
quite a good number of 
chlamydospores of va- 
ried shape and 
dimension. 


F ruit-f ormation, 
therefore, was not 
only delayed by nine 
days, but the develop- 
ment of any regular 
fruit was totally 
stippressed. 


(6) The main plate 
was examined f o r 
nearly two months 
but during this period 
no conidia had deve- 
loped, nor was there 
any tendency of living 
hyphae to break up 
into oidia.' 
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In the vegetative stage. In the «p^uctive j observations. 

(c) The number of 
chlamydospores de- 
creased a little as the 
culture became old and 
many empty chiamy- 
dospores could be 
found. 


Results in the suh-cultures (i-e. the first vegetative 
generation) 

Two siil>ciiltiires were taken from the main plate — the first on 
6th July, 1936, i,e., five days after the removal of radium and 
immediately after damage was noticed in the main plate, and the 
sectnid on 8th July, 1936, ?.c., two days after the first subculture. 
These two subcukures, therefore, represent the first ^^egetative 
generation. 

In the vegetative stage. > In the reymoductive j Observations, 

Recovery was also j It should be noted 
noted in the reproduc- | that growth in the 
tive phase. Moist spot main plate stopped as 
developed on the wall soon as the hyphae 
of the plates in both reached the margin of 
the sub-cultures on themediuminthepetri- 
29th July, 1936, and on dish. But in the sub- 
31 st July 1936 perfect cultures growth was 
porous areas were | more vigorous. The 
f o r m e d , so that | hyphae not only ascend- 
tructification appeared j ed the walls*^ of the 
in the first sub-culture | plates but they could 
after twenty-five days ; also overgrow the 
and in the second sub- I edges of the petri- 
culture after twenty- | dishes, 
three days. The con- | 
tro! fruited within 
twenty to twenty-five 
days. Fruiting areas 
, were regular and 
(c) Chlamydospores | sections showed basidia 
were p r e s e n t in i in close cluster bearing 
moderately good num- | sterigmata and spores ■ 
ber throughout, I without any tramal 

I hyphae elongations. 


(u) Hyphae. 

A little amount of 
damage in the form of 
hyphae with protop- 
la . ■mu broken up only at 
places was noticed for 
the first few days in 
both the. sub-cultures. 
But later on. the 
damage totally dis- 
appeared and a smear- 
examination on 23rci 
July, 1936 showed com- 
plctt^ recovery of the 
vegetative hyphae to 
the normal state. 

(b) .No conidia 
develooed. 
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Recovery from damage 

Damage was first noticed in the main plate on 6th July, 1936. 
Recovery was noted in both the plate subcultures (of the first 
vegetative generation) on 23rd July, 1936. The total period taken 
to recover was therefore 17 days. 


Fruiting period of | Fruiting period in the control 


(a) Main Plate 


(abortive fruit) 

.. 30 days | 21 days 

(b) Sub-culture:— 


(1) ist. Sub-culture 


(regular fruit) 

25 days |\ 


; 1 20-25 days 

(2) 2nd. Sub-culture 

r 

(regular fruit) 

. . 23 days J 


(3) A malt-agar plate-culture of Polystictiis leonmus inocu- 
lated on 18th September, 1936, was subjected to 120 mg. radium for 
six days continually from 23rd September to 29th September, 1936. 
The radium was applied to the glass surface of the bottom part of 
the petri-dish containing the culture, which was kept inverted during 
the exposure. The hyphae were all with clamps and with a good 
number of short mediate branches arising at right angles from the 
main hyphae, were non-conidial with a few clilamydospores and did 
not show any trace of basidia or dead hairs when the exposure was 
started. A separate plate-culture was kept as a control. 


Damage in the main plate 


la the vegetative stage. 

In the reproductive 
stage. 

Observations. 

(a) Hyphae'- 

Damage to the vege- 
tative hyphae became 
evident on the very 
first smear-examina- 
tion on 26th Septem- 
ber 1936. i c. after j 
three days’ exposure. 
The protoplasm of 
many vegetatative 
hyphae became much 
vacuolar and broke 
tip at places and there 
was absolutely no trace 

Basidia were first 
noted in the main plate 
on 29th September, 
1936, so that rudiment- 
tary fruit-formation 
: took place in the course 
of eleven days after 
inoculation.- Ttie con- 
trol fruited perfectly 
well after six days. 
The fruiting area was 
not developed in a cir- 
cular zone but formed 
in patches of toothed 
areas round the peri- 1 

Not only the vegeta- 
tative phase but the re- 
productive phase as well 
was extremely affect- 
ed b y s u c h long ex- 
posure to heavy dose 
; of radium. No erect 
fruit-bodies ever deve- 
loped on the culture- 
plate. 
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In the vegetative stage. I 


In the reproductive 
stage. 


Observations, 


of basidia. After six 
days’ exposure damage 
became more pronoun- 
ced. Healthy hyphae 
almost disappeared and 
every hyphae showed 
the d'amaged character. 
T Ii e hyphae became 
much narrower than 
the normal ones, much 
more vacuolated, and 
broke up at places. 
As the culture grew 
old this broken up na- 
ture of the hyp hae be- 
came more prominent 
and a strong tendency 
to break up into oidia 
was evident. A large 
number of healthy 
h y p h a e totally lost 
their clamps and cell- 
contents, and became 
converted into dead and 
double' walled h a i r s. 
The clamps became ex- 
tremely reduced in size 
a n d m a n y empty 
h y p h a e with such 
clamps, either wholly 
ur partially empty but 
still attaclsed. could he 
s € c n . But clauiped 
h y p h a e always pre- 
p o n d e r a t e d over 
s u c h non-c lamped 
h y p h a e . Extreme 
narrowness of t h e 
vegetative h y p h a e 
whether clamped or 
non-c 1 a 111 p c d was a 
not iceabi e f eat u re . 

(f») A few coniclia 
developed on 19th 
October, 1936, f.<?. 

nearly a month after 
inoculation, but instead 
of increasing in nuni- 
b e r they altogether 
vanished. , 

■(c) Few chlamydos- 
pores that' ' were found 
in the beginning dis- 
appeared entirely. ■ N'O ■ 
conidia or chlamydos- i 
pores could, thus, be i 
found in the main plate i 
at the end. . 


phery of the culture, 
easily distinguished 
from the vegetative 
area by their yellow 
colour- The pores were 
very shall o w and 
smear- examination 
from these areas 
showed a good number 
of basidia which never 
came to maturity . The 
basidia were very much 
smaller than the normal 
ones and shrunken in 
appearance, they were 
never in cluster, but 
always very irregularly 
scattered without 
showing anywhere any 
trace of sterigmata or 
spores. Notramal hy- 
phae could be found 
amongst them- T h e 
basidia were present in 
good number at fi r s t 
but gradually they 
underwent disintegra- 
tion. 
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Damage in the plate siib-cultiires (first Vegetative generation) 

Altogether five subcultures were carried out from the main 
plate~tlie first on 26th September, 1936, after three days’ radium 
exposure, the second on 29th September, 1936, after six days’ radium 
exposure, the third on 5th October, 1936, six days after the removal 
of radium, the fourth on 26th October, 1936, twenty-seven days 
after the removal of radium and the fifth on 29th October, 1936, i.e.^ 
thirty days after the removal of radium. The first four subcultures 
were in malt-agar plates and the last in malt-agar tube. These five 
subcultures may be broadly divided into two groups (I & II) so 
far as their characters are concerned, the first two comprising 
one group and the last three comprising another group. 


In the vegetative stage. 


In the reproductive 
stage. 


Observations, 


I. 

(a) Hyphae 

Damage caused by 
radiation upon the 
plate was fully trans- 
mitted to all the sub- 
cultures of the first 
generation. But the 
extent of damage 
varied in thetwo 
groups of sub-cultures. 
In the first and second 
sub-cultures compri- 
sing the first group, 
the vegetative hyphae 
were all damaged with 
protoplasm broken up 
into fragments, they 
were much shrunken 
and much narrow'er 
than the hormalones at 
places only. Neverthe- 
less, a large number of 
hyphae could be found 
which though damaged, 
were as broad as the 
normal ones, but with 
protoplasm very much 
streaked in appearance. 
H y p h a e w ere all 
damaged, but still 
clamped hyphae pre- 
ponderated over the 
non-claraped hyphae. 

(b) A tendency to 
break up into oidia w^as 
not much apparent 
but a small number of 


Fruit formation 
(as noted by the first 
appearance of basidia) 
occurred in the first and 
second sub-cultures 
after ten days, and in 
the third, fourth and 
fifth sub-cultures after 
twelve days. The frui- 
ting period in the con- 
trol varied at that time 
from six to seven days. 


As regards the re- 
productive phase, some 
differences could be 
noticed betw^een the 
two groups of sub-cul- 
tures. In the first and 
second-sub-cultures a 
good number of basi- 
dia could be found 
arranged in rather 
sparse cluster, so that 
a tendency to form a 
hymenial layer was 
evident. Nc basidios- 
pores were found. Erect 
fruits developed in 
both and were inserted 
in agar plates on 12th 
December, 1936. But 
no spore-fall occurred, 
and sections showed 
that their pores were 
filled with dead tramal 
hyphae and there 'was 
no trace of any basi- 
dia or living element. 


It may be stated in 
general that damage to 
both the vegetative and 
reproductive phases 
was far greater (and 
almost to the same 
extent as in the main 
plate) in the case of 
the last three sub-cul- 
tures than in the case 
of the first and the 
second. 
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111 the vegetative stage. 

c o n i d i a developed i 
nearly a month after | 
inoculation i ii b o t h. | 
the plates. Their num-' j 
her never increased but i 
they rather fi n a 1 1 y j 
vanished. j 

(r) Chlamydospores ■ 
developed in s m a J 1 i 
number at first but in- | 
■creased to immense | 
number later on, ; 

II. I 

(a) Hyphae i 

In the third, fourth 

and fifth sub-cultures, 
the conditions were 
rather different. Da- 
mage to the vegeia- i 
tive hyphae was rather 
more pronounced and 
no wider hyphae could 
be found as in the two 
previous, sub-cultures. 

,H y p h.a e were all ex- 
tremely narrower than j 
the normal ones and j 
the sizes of the clamps j 
were extremely small. I 
'The majority of the | 
hyphae had no clamps, ! 
so that non -clamped | 
hyphae were in pre- -j 
ponderance over ! 
clamped hyphae. j 

(b) tendencw to i 

break up into oidia was | 
more marked and, as a j 
■matter of fact, conidia ? 
appeared in all in the I 
■course of thirteen to i 
fifteen days after I 
inoculation, which is i 
far more quicker than I 
that in the previous I 
■case. I 

(c) Chlamydospores i 
'developed in all, but ! 
■contrary to the cases of | 
the 'first and second j 
■sub-cultures the num- | 
her of conidia 
went 'On increasing in 
immense number while 
the number of chlamy- 
•dospores became j 
reduced to a few only. | 


In the reproductive 
stage. 

In the third, fourth 
and fifth sub-cultures 
toothed areas were 
formed but no erect 
fruit-bodies ever deve- 
loped. Basidia could 
be found in smears 
only from the fruiting 
areas and even then, j 
they were only a few in j 
number, very | 
irregularly scattered 
and very much shrun- 
ken in appearance. No 
sterigmata or spores j 
were found. i 


I 


Observati'On?. 
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■Results in tii^ tube sub-cultiiires (second vegetative generation)' 

As the third, fourth and fifth subcultures of the first generation 
showed a decidedly greater amount of damage than the rest, they 
were again subcultured in malt-agar tubes on 2nd December, 1936, 
to find out how far the damage persisted. 


In the vegetative stage. 


Ill the reproductive 
stage. 


Observations. 


(a) Hyphae. 

In this generation 
a partial recovery of 
the vegetative hyphae 
w'as noted. Hyphae 
were, on the whole, a 
little narrower than 
the normal ones and 
with clamps a little 
narrower in size, but 
the fragmented nature 
of the protoplasm was 
evident at some places 
only and not every- 
where. Wider hyphae 
with protoplasm much 
vacuolated or streaked 
in appearance together 
with narrow hyphae 
filled up with proto- 
plasm could be found 
in almost equal num- 
ber with the damaged 
hyphae. Clamped 
hyphae came into 
preponderance and 
such clamped hyphae 
which were densely 
filled up with proto- 
plasm, did not show 
any damage except 
for the fact that 
they were narrower 
than the normal ones. 
A good number of 
damaged hyphae be- 
came converted into 
hairs at the approach 
of the fructifying 
period. 

[b) A few conidi a 
developed in ail, 
though after seven 
days from the inocula- 
tion-date, but their 
number never m> 
creased. 

(r) Chlamydospores 
developed in small 
number. 


Fruiting areas 
developed in all three 
sub-cultures of the 
second generation on 
9th December, 1936, 
i.e., seven days after 
inoculation, which falls 
within the normal 
period. The fruiting 
area was confined to 
the top of the slant 
in the form of a con- 
densed yellow spot 
which afterwards 
formed pore-tubes. 
Smear- examination 
from these fruiting 
areas showed the pre- 
sence of quite a good 
number of basidia 
arranged - either in 
sparse cluster or irre- 
gularly scattered. But 
never were any sterig- 
mata or spores found- 
However, three fruit- 
bo d i e s from three 
tube sub-cultures were 
taken and inserted on 
the lid of an agar 
plate on 25th Decem- 
ber, 1936. Absolutely 
no spore-fall occurred 
even after three days 
under moist bell-jar, 
and a section on 28th 
December, showed 
that the pore-tubes 
had a few rudimentary 
basidia here and there 
without any spore or 
living tramal hyphae. 


It is thus evident 
that though there was 
a partial recovery of 
the vegetative phase 
in the second genera- 
tioii, there was no- 
sign of recovery in 
the reproductive phase- 
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Results in the tube sub^-cultures (third vegetative 
generation.) 

As only partial recovery was noted in the second generation^ 
the third, fourth and fifth subcultures were again subcultured in 
malt-agar tubes on 25th December, 1936. 

In the vegetative stage. | I" the ^ductive j Observations. 

(a) Hyphae. I The first appearance | It is therefore 

S rn ear exaniina- ! of basidia was noted in i seen that damage lo- 
tion on 31st December, I smear examination on j the reproductive phase 

1936 showed that the ! 4th January, 1937 in all, i still persisted to a 

vegetative Iiyphae had i so that fruit-formation ; great extent in^ the 

completely reverted to | was noticed in all | third generation, 
the normal state. A i after ten days. The i although complete 

few damaged hyphae j fruiting period in the I recovery in the vege- 

could still be found j control at that time | tative phase was- 

in the third subculture i was also ten days due j noted, 

but they resembled | to reduced room- i 

those that are found in t temperature in winter, 

old normal cultures. 1 The basidia were 

However, this da- I arranged in sparse 

niaged character did | cluster and were never 

not p e r s is t long. with any sterigmata or 

Complete recovery of spores. Fruit-bodies 

the vegetative hyphae ' showing regular pores 1 

was noted in all. The i developed on the tops | 

hy plue became as hroad of slants in all and j 

as the normal ones and three fruit-bodies of | 

Were filled up with pro- , three subcultures were | 

toplasm without show- inserted on the lid of ! 

ing any streaked, bro- an agar plate on 9th j 

ken up fU“ \acunlated | January, 19 37. No : 

spore-fall occurred I 
from any of them even | 
after six days under a ! 
moist bell -jar, and | 
a section on 15th | 

January, showed that | 
the pore-tubes had only ! 
a few undeveloped 
basidia mixed with a 
few tramal hyphae 
without clamps or i 
spores. A peculiar | 
feature was that a 
large n u m b e r of 
chlamydospores was 
found within each 
poretube. 


Recovery in the fourth vegetative generation 

The third, fourth and fifth subcultures were again subcultured 
in malt-agar tubes on 7th January, 1937. The vegetative hyphae* 


numbm of vegetative 
liypliac became con- 
verted into hairs with 
the approach of the 
fruiting period. 

ib) Conidi a alto- 
gether disappeared. 

(r) A small number 
of chlamydospores de- 
V e 1 o pec! and t h e y 
gradually increased in 
number, Increase of 
chlamydospores takes 
place also in normal 
cultures wiien they 
become old. 
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dici i;ta show any damage. They were normal in all respects show- 
ing a good number of mediate branches. No conidia developed, but 
a lew chlamyclospores were found. 

Fruit- formation was noted in all after eleven days on 18th 
January, 1937, the control also fruiting at the same time. The fruit- 
bodies formed were very regular, showing well-developed pore-tubes, 
and three fruit-bodies from three subcultures were inserted on the 
lid of an agar plate on 2Sth January, 1937. Spore-fall occurred 
within four" hours of insertion and continued for three days upto 
27th January, 1937. Sections showed pore-tubes densely lined with 
basidia bearing sterigmata and spores (agreeing with the normal ones 
in measurements) mixed with a few tramal hyphae bearing 
clamps and some tramal hyphae bearing terminal globular spores. 
Spores dropped from these three fruit-bodies of three subcultures 
w'ere transferred to three malt-agar tubes on 27th January, 1937. 
Growth was vigorous in all of them and fruit-bodies appeared in 
them within ten days after the transfer. 


Results in the tube sub-cultures (fifth vegetative generation) 

Subcultures were carried for one generation more in malt-agar 
tubes. In no case was any damage noted either in the vegetative 
phase or in the reproductive phase and the cultures were normal 
in all respects. No conidia developed, though a few chlamydospores 
were found. Regular fruit-bodies appeared after ten days, which 
falls within the normal period. 


Transfer to wood-blocks 

Out of the five subcultures of the first vegetative generation 
from the main plate, the last three, vis., the third, fourth and fifth 
•subcultures were transferred to wood-blocks (mango-wood) on 
30th November, 1936. The wood-block cultures, therefore, repre- 
sented the second vegetative generation. The damaged nature of the 
hyphae persisted in all for more than three months, but ultimately 
all of them showed recovery and formed regular fruit-bodies. 
Recovery was noted in the third and fourth su&ultures in wood- 
blocks on 15th March, 1937, i.e., after 105 days, and in the fifth 
subculture in wood on 5th March, 1937, f.e., after 95 days. It was, 
thus, a case of complete recovery. Conidia which developed in small 
number in all wood-blocks in the beginning, were later on entirely 
replaced by chlamydospores. 

Small fruit-bodies appeared in the third subculture on 1st April, 
1937, i.e., 121 days after inoculation and 16 days after its recovery, 
in the fourth subculture on 27th March, 1937, i.e., 117 days after 
inoculation and 12 days after its recovery; in the fifth subculture 
t)n 20th March, 1937, Le., 110 days after inoculation and 
15 days after its recovery. The fruiting period for the control 
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ill \vo(xl-hlock ciilture at the time was 14 days. The fruit- 
l)<)(iies were well formed showing' regular pore-tiil)es, and three 
such fruit-bodies from three wood-block subcultures were inserted 
on tile lid of agar plates on 16th April, 1937. Copious spore-fall 
occurred on 17th April, 1937, but it became less on 18th April, 1937, 
after which it graduaily stopped. Sections on i9th April, 1937, 
sho\\'e<l |)ore-tubes lined with basidia some bearing sterigmata and 
spores mixed with a few tramal hyphae bearing clamps but no 
terminal spores. Spores were not transferred to any malt-agar tube, 
but the agar plates containing discharged spores were kept inside a 
moist belljar. Clamps developed after five days and smear-examin- 
ation showed normal hyphae of Polystictus leouinus with mediate 
branches and chlamydospores. 


Recovery from damage 

Damage was noticed in the main plate on 26th September, 1936, 
after the ])iate had received a continuous 120 mg. radium exposure 
for three days. The damage persisted right through the first vegeta- 
tive generation in malt-agar plates. Partial recovery of the vegetative 
hyi>hae occurred in the second vegetative generation in malt-agar 
tubes. Com]3lete recovery of the vegetative hyphae was noted in 
third generation in malt-agar tubes on 31st December, 1936, i.e,, 
after % days, though the damage still persisted in the reproductive 
stage. The i)eri(.)d for recovery in wood-block subcultures, as has 
been said, varie<l from 95 to 105 days. 


Summary of results 


! 
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Recovery and Fruiting period in wood-block sub-cultures 
(Fruiting period in the control wood-block culture — 14 days) 


AVood-block 
culture from 

Inoculat- 
ed on 

Reco- 
very on 

Period 

of 

recovery 

from 

damage 

Fruiting 

on 

The 

whole 

fruiting 

period. 

Fruiting 
period 
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ed from 
the date 
of 

recovery 

3rcl. sub-culture 

30-11-36 

lS-3-37 

105 days 

1-4-37 

121 days 

* 
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4th. sub-culture i 

30-11-36 

: 15-3-37 

105 days* 

27-3-37 

i 

117 days 

12 days 

Sth. sub-culture 

1 

i 

30-11-36 j 

i 

i 

5-3-37 

95 days 

j 

20-3-37 

110 days 

15 days 


50 mg. Radium-exposure upon Trametes cingitlata in culture 

for ten days 

A full grown malt-agar plate-culture of Trametes cingulata 
inoculated on 9th April, 1936, was exposed to SO mg. radium on 
25tli xApril, 1936, i.e., after an interval of sixteen days from the 
inoculation date. The radium was this time placed direct upon the 
surface of the culture by removing the lid, and the radium capsules- 
were removed from the culture on Sth May, 1936, after a continuous 
exposure of ten days. The hyphae were all with clamps and with 
a large number of short mediate branches and there were a large 
number of conidia and a small number of chlamydospores before 
the exposure was begun. A few empty hyphae were present and 
the distinction between zoned and non-zoned areas altogether 
disappeared. 

Damage in the main plate 

Smear-examinations were carried out daily both during the 
exposure and after the exposure had been stopped. With increasing 
exposures a large number of hyphae became damaged so that a 
large number of dead hyphae were produced. The protoplasm of 
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such liyphae became very much broken up into disconnected chains 
and a strong tendency to break up into oidia became more and more 
evident in the living hyphae. Clamps became extremely reduced in 
size wherever present, and the majority of the hyphae became ex- 
tremely narrower than the normal ones and non-clamped. Conidia 
gTadually increased in immense number and chlamydospores dis- 
integrated in large number and almost disappeared. A large number 
of empty chlamydospores was found. The culture was not totally 
killed but dead hyphae ultimately preponderated over the living ones, 
all of which became distantly branched and showed the damaged 
nature distinctly. 

Damage in plate snb-cnltures (first vegetative generation) 

Altogether five subcultures \vere carried out from the main 
]j]ate during ten days of radium-exposure. The first subculture was 
after two da}'s’ exposure, the second after four days’ exposure, the 
third after six days’ exposure, the fourth after nine days’ exposure 
^ind the hfth and the last after ten days’ exposure. 

Damage noticed in the main plate was transmitted to all the 
subcultures but the extent of damage was far less. Damaged hyphae 
with broken up protoplasm or totally empty and dead hyphae were 
}>resent sn all in fairly large number but living hyphae preponderated 
in all. l\loreover, the number of clamped hyphae was far greater 
than the non-clamped liyphae. Conidia were present in all together 
v/itb a small number of chlamydospores. 

The third, fourtli and fifth subcultures were transferred to a 
dark room on 13tli *May, 1936, and kept in the dark thereafter. By 
Iv'eeping these three sulicultures in the dark there was a sharp decline 
in the number of conidia, most of which developed a thick wall round 
them and became converted into chlamydospores. The number of 
clilamydospores so immensely increased that conidia almost vanished, 
while in the first and second' subcultures kept in diffused light there 
was no reduction in the number of conidia and a few chlamydospores 
always remained. But such conversion into chlamydospores also 
takes place in the control kept in the dark, especially as the culture 
becomes .old. 

Transfer to woodl*klock$ (second vegetative generation) 

Inocula from the third, fourth and fifth subcultures were 
transferred to sterilised wmod-blocks (mango-wood) on 11th June, 
1936. Examined on Sth August, 1936, they showed an equal pro- 
portion of damaged and healthy hyphae but the immense number of 
chlamydospores present in the plate subcultures of the first vegetative 
generation was entirely replaced by almost the same number of 
conidia. 

No fruit- formation was noticed anywhere either in plates or 
in wood-blocks as it was a conidial non-fruiting strain. 
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Ifradialidn df freshly shed spores of Pol^stictus leoninus 
hy 20 mg. radium for one hour 

Fresh normal spores discharged from an artificial fruit-body of 
Polysiictiis leoninus were caught on two agar plates on 18th March,. 
1S)37. One plate was immediately exposed to 20 mg. radium, which 
was placed on the back of the plate so as to be nearer to the spores. 
The other plate containing spores was kept as a control. Irradiation 
Avas continued for an hour, after which the irradiated plate and the 
control -plate were both kept under a moist bell jar in the culture 
room. On the next day, f.c., 19th March, 1937, it was found that 
the irradiated as well as the control spores had all germinated. The 
irradiated spores were at once transferred to two malt-agar tubes 
and the spores from the control plate to another malt-agar tube. The 
tubes were kept in the diffused light of the culture room. 

For two days no growth was noticed in any of the tubes. 
Growth was found to start in all on 22nd March, 1937, f.c., on the 
third day after the transfer of spores. Linear growth was equal 
ill all but the culture obtained from radiated spores was more fluffy 
than that from the normal spores. This condition persisted for the 
first few days after which growth in all three tubes became equal 
in nature. Phaiit-formation appeared in the radium exposed tube-sub- 
cultures after twelve days and in the conti'ol-tube after thirteen days. 
The fruit-bodies were all regular showing well-developed pore-tubes, 
they were all (including the control- fruit) inserted in agar plates on 
3rd April, 1937. The spore-fall was copious from all three fruits and 
occurred within three hours of insertion and continued for four days 
though showing a gradual decrease. The agar plates containing the 
discharged spores were kept under a moist belljar. Germination 
was quick and normal in all and clamps developed after five days in 
agar plates. 

Mycelia from the three tubes just mentioned, of which the fruit- 
bodies had shed spores, were subcultured again on 31st March, 1937, 
in malt-agar tubes. The linear growth was the same and equally 
vigorous in all. Fruit-bodies appeared in all on 7th April, 1937, 
he., after seven days and were very regular. Three fruits, one from 
each tube, were inserted again on 9th April, 1937, in agar plates for 
spore-fall; one of the fruit-bodies, as before, belonged to the 
control. Copious spore-fall occurred on the same day from all of 
them within three to four hours of insertion and continued for four 
days. Xo Spore- fall occurred, however, during the day-time but 
only at nights. The agar plates containing the spox'es were kept 
under a moist belljar and all the spores germinated quickly. No 
further transfers of spores were carried out. 

vSmear-examinations, whether from the control-culture or from 
those obtained from germination of irradiated spores, did not show 
any difference, and all of them were quite normal in character. 
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RADIUM RAYS 

Discussion and conclusions 

It has been recorded by previous workers that strong doses of 
gamma-rays usually produce harmfu! effects on fungi and that 
especially heavy doses are necessary to produce lethal action. In 
the case of three Polypores treated with heavy doses of radium we 
liad retardation of the vegetative growth, damage of the vegetative 
]iy|)hae, suppression of spore- formation and delayed and imperfect 
develoj)inent of fruit-bodies as described in the preceding pages ; in 
some cases there was an increase in the number of chlamydospores. 
Ultimately, in subcultures (succeeding vegetative generations) re- 
cox’ery was noted within a varying period in all even where the 
radium was placed direct on the hyphae continuously for ten days, 
but it was usually found that recovery in the vegetative phase was 
({uicker than in the reproductive one. Polypores, thus, seem to be 
extremely resistant to radium ; Dauphin ( 6 ) exposing lower fungi 
to radium rays obtained sudden cessation of mycelial growth and 
of germination of spores but they were not killed because they began 
to grow again when l)rought to their normal condition. In the 
case of light doses of 5 mg. radium the damage was slight and 
recovery was very quick. Germination of spores was not affected' 
in any way by exposing freshly shed spores of Polystictus leomnus 
to 20 mg. radium for <.>ne hour. Here no permanent change in the 
form of saltation or mutation could be produced; Lee, Haines and 
CouLson (11) could obtain besides lethal action only temporary inhl- 
lation of cell-division by exposing bacteria to 920 mg. of radium,, 
they di\'ided normally when they were removed from the radium 
rays aiKl transplantccf to fresh medium. Sibilia (15) has reported, 
laAwwr, two saltants from H eterosporium gracile by the action of 
radium rays, wliicli ha\'e remained unchanged through several suc- 
cessi\'e generations, though he was quite unsuccessful with ultra- 
T^’iolet radiation. It has been found that irradiation of the malt-agar 
medium with 15 mg. radium for half a minute had no toxic effect 
on growth of Polypores on it. Our experimental results show that 
Polystictus leoninus in majority of cases is more sensitive to radi- 
ation^ (sunlight, ultra-violet. X-rays and radium) than Polyporus 
ostreiforniis or Tramctes cingulafa. These Polypores, I have found, 
usually fruit only in light, in complete darkness either they do not 
fruit at all or form in a few cases very imperfect and abnormal 
fruiting areas, 

^ My grateful thanks are due to the Calcutta University for the 
assistance of a research scholar Mr. Nirmal Chandra Goswami/ 
M.A , for the purpose of this work for over a year from the 
Kirtikar Memorial Fund of the University. 

Literature Cited 

1. Barnes, B.— Induced variation, Trans. Brit. Mycol. Soc.. 

Voi. 20. 1935. 

2. Bose, S. R. — Sexuality of Polyporus ostreiformis and Poly- 

stictus htrsufus. La Cellule, Tome XLII, Fasc. 3. 

im ' 


^68 


S. R. BOSE, 

3. IIrodie, H. J. — The Occurrence and Function of Oidia in 

Hvmenom vcetes . Anier, Journ. Bot. Vol. 23, 
No. 5. May, 1936. 

4. Burkholder, P. R. — -The r6le of light in the life of plants. 

Botanical Review, Vol. 2, No. 1. 1936. 

5. Catcheside, D. G. — Biological effects of irradiation. Scientific 

Journal of the Royal College of Science Vol VL 
1936. 

'6. Dauphin, J. — Influence of Radium on the development and 
growth of the lower fungi. Nature. Vol. 69. 
1904. 

7. Dickson, H. — The effect of X-rays, Ultra-violet light and Heat 

in producing saltants in Chaetoiniiim cochHodes 
and other Fungi. Aim. Bot. Vol. 46. 1932. 

8. Dickson, H. — Saltation induced by X-rays in seven species of 

Chaetomium . Ann. Bot. Vol. 47. 1933. 

9. Dillon-Weston, W. R. & Halnan, E. T. — The Fungicidal 

action of Ultra-violet Radiation. Phytopathology, 
Vol. 20. 1930. 

10. Failla, G. — Ionization and its Bearing on the Biological effects 

of Radiation. Chap. Ill of Duggar's Biological 
Eft'ects of Radiation, Vol. 1. 1936. McGraw 

Hill Publication. 

11. Lea, D, E., Haines, R. B. and Coulson, C. A. — Action of 

Radiation on Bacteria. Proc. Roy. Soc. (B, Vol. 
123, 1937. 

12. Nadson, G, a. and Philippov, G. S. — Influence des rayons X 

sur la sexualite et la formation des mutantes chez 
les champignons inferieures ( Mucorinees ) . C. R. 
Soc. Biol. Tome XCIII. 1925. 

13. Ramsey, G. B. and Bailey, A. A. — Effect of ultra-violet radi- 

ation upon sporulation in Macrosporium and 
Fusarmm. Bot. Gaz. Vol. 89. 1936. 

14. Sax, Karl. — Effect of variations in temperature on nuclear and 

cell-division in Tradescantia. Amer. Journ. Bot., 
Vol. 24. No. 4. April, 1937, p. 223. 

15. SiBiLiA, C. — Saltazioni inHeterosporium gracile. Estratto del. 

Bolletino della R. stazione di Patologia V Vege- 
tale di Roma, Anno XIV, N. S. 1934. 

16. Smith, E. C. — Effect of Radiation on Fungi. Chap. XXVII 

of Biological effects of Radiation (by Duggar), 
Vol. ir. 1936. McGraw Hill Publication. 

17. Stevens, F. L. — Effects of ultra-violet radiation on various 

fungi, Bot, Gaz. Vol. 86. 1928. 

18. White, M. J. D. — The effect of X-rays on the First Meiotic 

Division in three species of Orthoptera. Proc. 
Roy. Soc. (B) Vol. 124. Nov, 1937. 





P\ S. RAO 


7i 

ratlier incoiupletely, with the niegasporogenesis. among other genera 
ill C. frondosa/ and C\ ri{pesfris. Regarding the species of 
Capparis with which this paper deals, I have found no literature 
except a very short account by Hedayatullah ( 2 ) upon C\ horrida 
in the proceedings of the Indian Science Congress. 

Material and Methods 

Fixed material of C. sepiaria, and C. horrida, was kindly given 
by Prof. N. K. Tiwary, and that of C. galeata by Prof. A. C. Joshi. 
Floral stages of C. sepiaria and C. horrida were fixed in Allen’s 
inodification of Bouin’s fluid, and the other species in formalin 
acetic alcohol. The usual paraffin method was employed. Staining 
was done mostly with Haidenhain’s iron-alum haematoxylin. A 
combination of safranin and gentian violet was also used. 

Capparis galeata 

The ovule arises as usual as a short cylindrical outgrowth 
(Fig. 1). The two integuments arise almost simultaneously upon 
this, but in the younger stages, usually, the outer grows faster than 
the inner (Figs. 2 and 3). By the time the niegaspore mother cell 
is organised (Fig. 3) they envelop the greater portion of the 
nucellus. At the base of the nucellus is found a growth to one side, 
indicated by a Imlge {a, F'ig. 3). The continuance of this one- 
sided growth results in the condition of the ovule shown in Fig, 4. 
The embryo-sac at this stage is fully mature. The funiculus is 
attached, consequent on the above-mentioned growth, not at the 
base of the nucellus, but to one side. The adult ovule is campy- 
lotropous in form (Fig. 5), and this form is attained by the simple 
curvature of the ovule on either side of the point of attachment of 
the funiculus. Thus, the funiculus is not attached throughout the 
greater part of its length, but only at the terminal point. This is in 
contrast to the condition in Gynandropsis and resembles that in the 
two species of Capparis investigated by Mauritzon, 

The ovary is septate from the earliest stage onwards (Fig. 6), 
the septa arising as extensions of the placental regions, loosely lying 
together, and enclosing a hollow canal in the centre. In old stages 
also, this condition is preserved (some time the septa do not extend 
quite up to the centre of the ovary in older stages due to their 
inability to keep pace in growth with the increase in bulk of the 
ovary). But usually the ovary is completely septate (Fig. 7), the 
united portions of the septa in the centre giving roughly the appear- 
ance of a central column of tissue, with a stylar canal. In these 
older stages, some of the ovules are seen to be arising on the septa 
(Fig. 7) and this seems to be due to the ingrowth of septal tissue 
from the placental region. 

In some cases, however, the central hollow space enclosed liy 
the septa is obliterated by their very loose parenchymatous tissue. 
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Tile primary archesi'Miriei! cel! is hypodermal in position (Fig. 8j 
a:r.i :;i:> ciit> utf very soon after its differentiation, a primary parietal 
Ceil I 2i, Further periclinal divisions in this latter result in 
!lie >pt»rugcnrjus cell being sunk about 5 or 6 cells deep in the 
iiiicenu.^ I ihg. 3». The sporogenoiis cell enlarges in size, and 
iT»rn]> a linear tetrad of spores, of wliich the lowermost functions 
aial the nther three degenerate (Fig. 9j. The functioning niega- 
.-pure fleveh^l’is into the normal eml)ryO“Sac (Fig. 10) as usual. The 
vtiiuig 8-nu('ieate nec is alHjut 3 or 4 times as long as it is broad,' 
tile inicrni>ylar endi being liroader than the chalazaL In the young 
.-tages. it is ufien fiointechat the latter end. As usual, egg apparatus 
at the micrt#|wlar end and the three antipodals at the chalazal end 
are organised. 

Hie egg cell i Figs. 11 and 12) lies usually at the base of the 
.svnergids hut sometimes at the same level. It is either rounded or 
I ri angular in ^ectio^ and in the older stages. l)ears a \’acuole on the 
micr{tp}']ar side nf the nucleus. Its cytoplasm is less dense than in 
tile s\'nergids. 

The syiiergids are usually flask shaped (Fig. 11) and are 
ca|)ped for a short distance, hy a filiform apparatus. The nucleus 
lies in the centre of the synergid. In some embryo-sacs, a very 
siiglit Iieak like |)rotrusion is noticealile beneath the filiform appa- 
ratus. 

Hie antipodal cells are wedge-shaped and they completely 
degenerate early. In some ovules the wedge-shaped antipodals are 
.slightly elongated towards the chalazal side (Fig. 13). 

Hie p(>lar nuclei are almost of the same size as the others. The 
secondary nucleus (Fig. 12) is formed in the ordinary manner and 
is situated a little away from the egg cell. At aliout the time of 
fertilisation, tlie synergids completely degenerate. The next avaih 
a])le stage contains the fertilised egg with the remains of the 
degenerating synergids and numerous endosperm nuclei in dense 
cyto]:jlasm (Fig. 14). 

The pro-embryo consists of a linear row of 7 or 8 cells, the 
apical three cells vi which are at first divided by longitudinal walls 
and a bunch of cells (Fig. 15) is formed. Some of the cells of the 
.-tuspeiisor also usually divide once iongitudinally (Fig. 16) aud 
diivi.sion.^ in the suspensor cells nearest to the enibr3^onal mass also 
contribute towanls the formation of the emfjryonal sphere. 'Fhe 
lat^'Si available stage (Fig. 17) show.s a relatively short suspensor, 
and an embry«)nal sphere in which there is as yet no sign of aii}' 
(lit'ferenliaiion. The ovary at this stage is nearly H4 inches in 
diameter. In the micropylar part of the embryo-sac is dense cyio- 
plasm in which are embedded numerous endosperm nuclei. At the 
chak'jzal end of the embryo-sac is a very small group of endosperm 
nuclei, and a faint peripheral layer of cytoplasm connects the two 
groiip>. CHI formation in endosperm is not found. 
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Ih'ijeneratious , — Degenerations in the embryo-sacs are very 
ctinirnon and are extensive from the uninucleate stage of the embryo- 
sac onwards. It is in comparatively very few ovules that embryos 
are develrjped. Degenerations are most common in the mature 
eml)ryo-sac. In Fig. 11, one of the polar nuclei is in a condition of 
hy|,)ertrophy. Even some embryos undergoing complete degenera- 
tion are found. 

Starch grains are numerous in .the embryo-sacs. 

Ahnonmiiities , — Although the ovule is normally campylotrop- 
ous three cases were found with completely orthotropoiis ones 
(Fig. IS). In one orthotropous ovule, the contents of its 8-nucleate 
eml)ryo-sac were in a state of complete degeneration. Another 
OMiIe in which the endosperm was formed, did not show any 
embryo. In the third one, also a mature ovule, even the eml)ryo-sac 
contents could not l)e found. Perha[;>s they degenerated early. 
Nevertheless the ovule continued to grow. 

Another interesting abnormality (Fig. 19) is a case where two 
completely separate nucelli are enclosed b}’ tlie same integument. 
Still another interesting case is provided by two separtite but closely 
appressed ovules, each with its own integuments but with a single 
common funiculus (Fig. 20). The embryo-sacs in these are in a 
state of degeneration. 

Abnormalities are also found in the composition of the ovary. 
Normally, it is 8-car|)eIlate, but in some cases, the number of carpels 
varies between 6 and 9. 

Capparis sepiaria 

Here, the ovary is bicarpellate. The development of the ovule 
is as in C. galeata. Degenerations are extensive. The ovule shown 
in Fig. 21 is similar to that of C. galeata shown in Fig. 5, and 
contains a mature, but degenerating embryo-sac. Fruits are not 
available, and therefore the development from this stage onward 
to the mature form of ovule could not be traced. 

The development of the embryo-sac also is mostly similar to 
to that of C. galeaia^. The parietal tissue is less extensive. In con- 
trast to C. galeata, here it is the inner integument that grows much 
faster than the outer integument (Fig. 22) which markedly lags 
behind in growth, so that the micropyle is formed only by the inner 
integument. All the embryo-sacs are full of starch grains. The 
nucellar tip in many ovules is exposed (Fig. 23 ) and is not covered 
properly by the integumerxts. Degenerations are nimierous in the 
mature embryo-sac. 

The egg cell (Fig. 24) lies- either at the same level as the 
synergids or a little higher up. The nucleus lies usually at the 
centre of the cell and the cytoplasm is faint. Sometimes the cyto- 
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plasm siirmiiiiding the egg nucleus contains niinieroiis soiall 
vaciailes. Tlie nucleus of the synergids lies in the l.)asal widened 
|)fjrti«'‘in hut the position is not very constant. The cytoplasm in 
this region is usually much less dense than elsewhere. A few 
synergicls are <3hserved with a slight developnient of a beak. In 
many old synergids, a faint filiform apparatus is found. A filiform 
apparatus is recognisable only in synergids which are very old 
and neariitg flegeneration, the younger ones always lacking’ it. 

Tlie antipodals (Fig. 24j are somewhat large and wedge-shaped 
as in r. (/aifiihi and degenerate very early. The two polar nuclei 
lie close to each other, and near the egg apparatus (Fig. 26). In 
every sac, degenerations are universal at this stage, and it has been 
impossible to get a stage later than this. The degeneration of the 
two polar nuclei begins earlier than that of the egg cell. By the 
time the egg shows symptoms of degeneration, the synergids, the 
antipodals, and the polar nuclei are degenerated. The mature 
embryo-sac lies about 3 or 4 cells deep within the nucellus. The 
length of the micropyle varies from nil (in cases where the nucellar 
tip is completely exposed and uncovered ])y the integuments) to a 
long tube-like structure (Fig. 27). 

Abnonnaiities : — An interesting a])normal ovule (Fig. 29) was 
found in which both the integuments ended far ]:)elow the tip of 
the nucellus, the outer integument lagging far !)ehind the inner. 
A mature embryo-sac, in a state of coniplete degeneration was found 
in the completely exposed region of the nucellus. It is rather a 
common feature in this plant that nucellar tip is slightly exposed, 
but in this particular ovule, we find this condition %^ery much ac- 
centuated. Whether this incomplete growth of the integuments 
has got anything to do with the very wide degenerations in the 
embryo-sacs can merely be speculated. 


Capparis horrida 

Here also, the development of the ovule is essentially similar 
to that of C. sepkrm. But the growth of the integuments is 
similar to that in C. galeaia in as much as the outer integument 
usiially. grows faster than the inner. Cases, are also found where 
the outer integument slightly lagged behind in growth. 

The ovules, arise on four parietal placentae. The ovary is 
unilocular in the young condition and tetralocular when old, due to 
the ingrowth of tissue from the placental region. This results in 
a condition similar to that in C, galeaf a, he., some of the ovules 
come to have their place of origin on the septa (Fig. 30), whose 
tissue has grown in from the placenta! region, from among the 
leases of the funicles. The growth- of the integuments is very rapid. 
The union of the septa in the centre is much closer and more 
com|:)lete than in C\ galeata. 
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In iiie^-aspnrugeiiesis, l)Oth linear and T-shaped tetrads are 
ie*iiiid in equally large numbers pFigs. 31 and 32) and it is impos- 
siiiic Ui say which is of more common occurrence. From the 
2-niicieatc stage onwards, a large central vacuole is always found 
(Fig. 33 I . iioreover, in the 2-nucleare stage, a small vacuole is 
sometimes found near each nucleus on the outside. The develop- 
ment of the eml)ryo-sac is normal, and the size and structure of 
the eiribryo-sac are similar to the condition in C. sepiaria. 

The S3'nergids f Fig. 33 ) throughout the greater portion of 
tlieir life are wedge-sliaped, with the nucleus lying towards the 
base. The completely mature synergids are slightly flask-shaped, 
and only in the ver}’ old stages is found the presence of a faintly 
developed filiform apparatus (Fig. 36). The life history of all 
other nuclei of the embryo-sac is identical with that of C. sepiaria. 

Degenerations are very extensive, and the emhiyo-sacs are full 
of starcli grains. The starch is markedly developed in the embryo- 
sacs at the beginning of degenerations. The usual order of degene- 
ration in the emhr}'o-sac is. — aiitipodals, egg, synergids, and the 
polar nuclei. This conforms exactly to the order mentioned by 
D'Hubert (1896) in Cactaceae, as cited by Schnarf (8) (p. 172). 

The few |)oints mentioned by Hedayatullah in his abstract upon 
the embryo-sac development in this plant agree with mine. This 
abstract, however, makes no mention of many important points, for 
instance, the appearance of a filiform apparatus in the old stages. 

Abnormaiifies , — Two pentacarpellary and one tricarpellary 
ovaries were also found. In one embryo-sac, the antipodals are 
seen to have become slightly elongated (Fig. 38) and protruding 
into the nucellus on the chalazal side, such as those described by 
Tiwary (9) in CIeo}ne viscosa. 


Discussion 

All the species of Capparis here described show a remarkalde 
iiniforniity of development and structure in so far as these have 
been studied. Degenerations are widespread in the 8-iuicleate 
embryo-sac in all the species, starch abounding in the degenerating 
cells. The appearance of a filiform apparatus in the old stages of 
synergids in ail the species, is also a noteworthy feature. The pre- 
sence of starch has also been described for C. rupestris by IMaurit- 
zon (4), For C, frondosa, has also described the occurrence 
of nucellar embryos. He mentions generally that the outer integu- 
ment develofis more rapidly than the inner, but I find that C 
sepiaria forms an exception to this. Moreover, he has not described 
the formation of a filiform apparatus in those two species studied 
by him. 

I'he structure of the mature embryo-sac of /’t/m differs 
slightly from that of GyMndrapsis md Cieoine, and approaches 
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more closely that of Maema. In Gynandropsis and Cleome the 
inature compylotropous form of the ovule is reached through the 
intermediate anatropous form ])y the curvature at the base of the 
ovule, l)ut in Capparis (refer C. galeafa) the campylotropous form 
is reached without this intervention, ])y a peculiar unilateral growth 
at the base of the ovule around the point of attachment of the 
funiculus. In short, in GynaiHiropsis and Cleome, bending of the 
ovule occurs prior to unilateral growth, whereas in Capparis, uni- 
lateral growth |)recedes curvature. 

The outline of development of the embi\t)-sac conforms to 
that described for Gynandropsis. The syntrgids of Gynandropsis 
and Cleome are devoid of a filiform apparatus w hereas in those of 
J/atV'za? and Capparis it is present. In Maema, it is even much 
iiiore prominently developed than in Capparis. In Cleome The 
antipodals are very small, but in Maema and Capparis, they are 
much larger, (jccupyiug a prominent space in the eml)ryo-sac. 
Although the absolute size of the antipodals in Capparis does not 
equal those of Maerua, yet, considering the fact that the size of the 
embryo”Sac of Maema is much larger than that of Capparis, it can 
be affirmed that the antipodals resemble those of Maerua, and 
certainly not those of Cleome. 

The endos|>erm is nuclear, and is formed l)efore the first divi- 
sion in the egg cell In Gynandropsis and Cleome, the pro-embryo 
consists (T only ^ or 4 cells, whereas in C. ggleaia, it consists of 
7 or 8 cells. In the latter plant, longitudinal divisions in some of 
the suspensor cells are also observed, whereas such a condition is 
not found in Gynandropsis. 


Idle differences in characters l)etween Maema and Capparis 
on the one hand, and Gynandropsis and Cleome on the other, defi- 
nitely support the present arrangement, ( Hooker (3) j of Cleome 
and Gynandropsis under the tribe Cleomae, and Capparis and 
Maerua, along witli others under Capparae, as suggested by 
Mauritzon (4). 


Summary 

C,. galeala 

(1) The development of the embryo-sac is normal, and in 
mature synergids, a filiform apparatus is found. 

(2) In the development of the embryo, some of the suspensor 
cells also divide and contribute to the formation of the embryonal 
sphere of cells.' ■ 

(3) "Hie mature ovule is Campylotropous, but the orthotropous 

condition is found as an abnormality. Other interesting abnormai- 
ities are also found. „ 
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C. sepiaria 

( 1 ) The deveiopment of the embryo-sac is similar in essentials 

to that of C. galeaia, 

(2) In an abnormality, the integuments end far below the 
tip of the niicellus. 

C, horrida 

The development is similar to C. sepiaria. Degenerations in 
the embryo-sacs abound in all the species, and starch is found in 
the degenerating cells. 

1 wish to express my heart-felt thanks to Prof. N. K. Tiwary 
for his kind and most heipful guidance during the investigation and 
also for going through the manuscript and making valuable sug- 
gestions. I also thank Dr. Y. Bharadwaja of ilenares Hindu 
University and Dr. S. C. Xandimath of Lingaraj College, Belgaiim, 
for giving facilities for research and preparation of the MS. 
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i)urinj 4 ’ the years 1934-1937, the writer made severah collections 
of a], 4 -ae tlie Madras Presidency, mainly from Vizagapatam, 

CAK'anada, hdlore, Dendulur, Bhiniavaram, Polamiir, Namdur, 
\'eera\asaram and Palacol and also from Chittavaram, Narsapur 
and Mog'altur. together with their environs. It is now desired 
t<.» record a systematic account of these algae in a series of papers. 
I’his communication deals with some of the M\’xoplivceae. In all 
-event}' forms representing twenty-two genera, have l)een described 
and out (O’ these two species and seven forms are new. 


SYSTEMATIC ENUMERATION OF THE SPECIES 
OBSERVED 

I- Chroococcales 

Chroococcaceae 
Genus Microcystis Kuetzing 

1. Microcystis flos-aqiiac ( Wittr. ) Kirchii. Smith. Ecology 
of tile idankton Algae of the Palisades Interstate Park, Roosevelt 
inid Life Bulletin f Vo\, 2, No. 2. 1924, PI. 3, Fig. 13; Geitler, in 
kdhenhorsl's Kryptagamenfiora von Enropa, Bmd NYX, Cvano- 
]th}'ceae. 1930-32 p, 136, Fig. 59 e and /. 

' Lat. cell., 3~6 //. 

Habitat :--Narsapur : in a tank; Polamur and Ellore: in temple 
tanks; Cocanada : in a road-side pond, (J. Venkateswarlu). 
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Genus Aphanocapsa Naegeli 

2. Aphanocapsa pHichra ( Kutz.) Rabenli. Geitler, op. cit., 
1930-32 p., 156, Fig. 69 g: Freniy. Les Myxophycees de I’afrique 
eqiiatoriale fran<;aise. Archives de Botanique, iii. (1929), Mem. 2 
1930, p. 23. Fig. 22. 

Lat. cell., 3*S'-4-8 //., 

Hal>itat : — Xamdnr : free-floating in a pond. 

Genus Aphanothece Naegeli 

3 Aphanothece- pallida (Kutz.) Rabenli. Geitler, op. dt., 

1930-32, p. 1/2, Fig. 78; Frany. op. cit., 1930, p. 33, Fig. 31. 

Lat. cell., 5-6*9 /I ; long, cel!., 6*6~10 u. 

Habitat :—Narsapiir, Ellore and Cocanada: on moist soil; 
Polamur and Namdiir: in stagnant water of rice-fields, along with 
Oscillatoria calcutteHsis forma. 

4. Aphanothece bullosa (LMenegh. ) Rabenli. Fremv, op. cit., 
1930, p. 33, Fig. 33. 

Lat. cell., 4 *5-3 *2 a: long. cell. 6-10*4 /a 

Habitat: — Namdur: floating in stagnant ponds, along with 
Oseillatoria calciittensis forma, Chara sp., Azolla sp., and 
Neluntbiuiu sp. 

5. Aphanothece inicroscopica Nag. Geitler, op. cit., 1930-32, 
p. 173, Fig. 79. 

Lat. cell., 4-5 //; long, cell., 6-8 a. 

Habitat ; — Ellore : on soil submerged in water at the edge of a 
pond along with moss and grass .seedlings. 

Genus C hr oo coccus Naegeli 

6. Chroococcus turgidus (Kiitz. ) Nag. Geitler, op. cit., 1930- 
32, p. 228, Fig. lOS)/?; Fremv, op. cit., 19v30, p. 41, Fig. 40; Tilden, 
Minnesota Algae, Vol. I, 1910, PL L Fig. 3 ; West Algae, Vol. I, 
1916, p. 41, Fig. 25 b. 

Lat. cell, 8*2-13*2 /i; long, cell., 6*6-10 g; lat. colon, cum 
mem., 13-30 g ; long, colon, cum mem., 16-38 g. 

Habitat: — Namdur: in a road-side pond, along with Oscillaioria 
proUfica, T olypothrix robusta forma and Oseillatoria princeps. ' 

7. Chroococcus pallid us Nag. Geitler op. cif.. 1930-32, 
p. 239, Fig. neb; Fremv, ap. cit, 1930, p. 41, Fig. 48. 

Fonna. 

Stratum thick, slimy and membranous. Cells almost spherical 
or ellij)soidal ; single or in more or less rounded or ellipsoidal 
colonies of 2-8 or sometimes iipto 16-24 ceils, when they overlap. 
Sheath thick, hyaline and unstratified. 
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Lat. cell., 3 *2-4* -8, (~6) //; long, ceil., 4-8 ju; lat. cell, cum 
mem., 4 *8-6 -6 long. cell, cum mem., 9-10 //; lat. colon, ciini 

mem., 8-20 // ; long, colon, cum mem., 10-26 ii. 

Habitat: — Namdiir: on the inner side of a brick enclosure of 
a well, along with moss. 

The form differs from the type in having smaller cells, that 
are sometimes 16-24 in each colony overlapping each other. 

Genus Merisiiiopedia Heyen 

8. Merismopedki ntininia G. Beck. Bhashyakarla Rao, The 
Hyxophyceae of the United Pro\'inces, India — ii. Proceedings of 
the Indian Academv of Sciences, \6:)I. ill, Xo. 2, Sec B, 1SI36, 
p. 166, Fig. 1, B, 

L-at. cell., 0*5-0 *6 a. 

Habitat: — Ellore: in a fountain tank of a private garden, along 
with Merisniopedia teuuissiina and others. 

9. Merisniopedia tenuissiina Lemm. Geitler, op. cit., 19vI0-32, 
p. 264, Fig. 129 b; Fremy, I.es Cyano])hycees des Cotes d‘ Europe, 
Meinoires de la Sociefe Nationale des Sciences Naiurelles ei 
MathOnaiiqnes de Cherbourg, tome XU, 1934, PI. I, Fig. 1; 
Geitler, in Pascher’s Suss^oasser- flora Deutschlands, Osterreichs 
and der Schzveis, Heft 12, Cyanophyceae, 1925 ]>. 107, Fig, 123 a. 

Lat. cell.. 1*3-2 ii. 

Hal)itat : — Cocanada : in stagnant water of low-lying areas ; 
Ifllore: in a fountain tank of a private garden, along with 
Moisinopedia iiiiniina and others; by the side of the road connect- 
ing Polamur and VTeravasaram : in a stagnant pond, along with 
Gloeotrichia Raciborskii var. conica. 

II . Chaemosiphonales 

1. Dkrmocarpaceae 
G enus Stichosiphon Geitler 

10. Stichosiphon indica Rao. Bhashyakarla Rao, A new 
species of Stichosiphon (Stichosiphon indica sp. nov.), Proceedings 
of the Indian Academv of Sciences, 1935, B, Vhil. 2, XT). 6, p. 536, 
Figs. 1-10. 

Lat. sporang., 6-8*8 g: long, sporang., 50-230 and rarely upto 
300 lat. spor. cylindric., 5 *5-7 *5 g; long. spor. cylindric., 5-14 g ; 
diam. spor. spheric.. 4 *8-7 *8 crass, vag., upto 0*8 g. 

Habitat: — Ellore and Chittavaram: in rain-water pools 
epiphytic on species of Cladophora growdng on snails : X'amdur : 
epiphytic on sp. growing in a pond; Cocanada: 

epiphytic on Cladophora sp. growing in a pond (J. \T‘nkateswarlu). 
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2 . Chaemosiphonaceae 
Geiiiis Chacnioslphon A. Braun and Grunow 

11. Chaemosiplion sideriphilus Starmarch v'dr. glabra Rao. 
l->!iashyakarla Rao, The Myxophyceae of the United Provinces, 
India — HI, Proceedings of the Indian Academy of Sciences, 1937, 
Sec. B, \'ol. 6, No. G p. 348, Fig. 2, B. 

Lat. s])orang., 2 *4-3 -4 a; long, sporang., 4*8-14*4 jn; lat. 
sporang, cum nieiii., 3-3*5 u; long, sporang. cum mem., 12*8- 
18*4 u ; lat. exospor., 3-3*2 //. 

Haliitat ; — Dendulur : on Rhizoclonhim sp. growing in a pond 
along with flowering plants ; Polamur : on Lynghya gracilis adhering 
to the steps sul)nierged in the water of a pond. 

HI. Hormogoneales 

1 . RiVULARI ACEAE 
Genus Calofhrix Agardh 

12. Caiothrix Eloikinii Kossinskaja. Geitler, op. cit., 1930- - 
32, p. 608, Fig. 383 5 and 6. 

Forma. 

Lat. fik, at base 9*6-11*2 g, at the top 6*6-8 g; lat. trich., at 
the base 4*l!U8’8 //. at the top 3-4 g; long, cell., 1*6-4 *8 g; lat. 
het., 4 *8-7 *2 g; crass, vag., upto 1*6 g. 

Habitat : — Polamur : on a log of wood floating at the edge of 
a pond. 

The form is characterised by the slightly broader trichomes 
and the thicker sheath. 

13. Calofhrix Vigueril Fremv. Fremv, op. cit., 1930 p. 252, 

Fig. 226. . . ■ ' 

PonncL 

Lat. fib, at the base 10-22 g, at the top 6*6-10// ; lat. trich., at 
the base 10-16 g, at the top 2 *5-5 *5 g; long, cell., at the base 3-10 g, 
at the top 28-50 //; lat. het., 8-16 g; long, het., 5-11 //, 

lla])itat: — Polamur: in a road-side pond, along with Gloeo- 
trich id Raciborskii var . co nica. 

The form agrees with the type in all respects except that the 
cells are sometimes longer with granules near the septa and the 
heterocysts are enclosed by the sheath. 

14. Calofhrix brcvissima G. S. West. West/ Report on the 
Fresh-water .-Mgae including Phytoplankton, of the Third Tanga- 
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nyika Expedition conducted by Dr, \\\ A. Cunnington. 1904-1905, 
Journal of the Liimean Society, Hot,, 1907, 38, p. 180. PI. 10. Idg. 8, 

Lat. fiL, 4 *8-5 *2 //,; long. fiL, 20-80 a; hit. trich., 3*S™4*2 ii; 
long, trich., 17-60 u; long, cell, 1*6-3 -5 it; lat. het., 4-4*8 a; long, 
het., 4*2-5*6 /n 

Habitat: — Namdiir: Epiphytic on Lynijbya gracilis adhering 
to a wooden log at the edge of a pond; epiphytic on Lyngbyu 
majuscula var. chaklaense growing in a |)ond. 

Genus Gloeotrichia Agardh 

15. Gloeotrichia Raciborskil Woloszynska var. conlcQ' Dixit. 
Dixit, The Myxophyceae of the Bombay Presidenc}’, India — I, 
Proceedings of the Indian Acadeniy of Sciences, P936, IP Vol. HI, 
No. 1, p, 96, Fig. 1, F and G. 

Diam. hi., 26-40 g; lat. trich., at the base 6*6-9 //, at the inp 
iipto 3*3 g: long, cell., at the ba.se 3 •3-4 *8 // ; at the t<>|> 11-26 g; 
lat. het., 10-13 g: lat. spot*., 10-16 g: long, spor., 40“7() (i. 

Plabitat : — Namdiir: in a road-sifle pond, along with Calothrix 
Figuerii forma. This alga has sometimes I>igger s[)ores than those 
of the Bombay form. 

16. Gioeotrichia natans Rabenh. Geitler, op. cit., 1930-32, 
p. 638, Fig. 406; Fremy, of. cit., 1930, p. 277, Fig. 246. 

Lat. trich.. at the base 6 *6-8 *2 g; higher up 5-7*5 g\ long, 
eell, at the base 4-8 g. higher up 5-22 g: lat. het., 10-11 g; lat. 
spor., 10-13 g: long, spor., 40-52 //; lat. s})or. cum vag., 23-33 «. 

Habitat Namdiir and Polamur: in water-logged rice-fields. 
Genus Rividaria Agardh 

17. Rividaria globiceps G. S. West. West, op. cit., 1907, 
p. 182, Fig. 6. 

Forma. 

Lat. trich., at the base, 3*2-4 g higher up 0*8-1 u; long, cell., 
at the base 3*2-11 *2 g. higher up 2*4- 3* 2 u ; lat. het., 4*8-8 // : 
long, het., 6*4— 9*6 g. 

Habitat : — Vizagapatam : in a stagnant puddle on a hillock 
extending into the sea. 

But for the narrower trichomes and smaller heterocysts, the 
form agrees with the ty|)e in all respects. 

2. Microchaetaceae 
Genus Aidosira Kiixhin. 

18. Aulosira Fritschii Bharadwaja, Bharadwaja, Contri- 
butions to our knowledge of the ' Mvxophvceae of India, Annals of 
Botany, XLVU, 1933, pp. 123-131; Figs. 3 and 4, 

, 2 "' ■ '‘',P 
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Lat. fil. 15 '8-16*5 u; crass, vag.. 1-6-2 -2 ii; lat. trich., 
10-12*3 ’lat. het.. 12'8-13'2 a; long, het, 11 -2-19 -8 u; lat. 
spor.. 11 *2-1 2*8 ft; long, spor., 9-9-33 ii. 

Habitat: — Ellore : in a pond along with Oedogomiijn sp. ; 
Cliittavarain : in a pond, along with Aulosira fertilissima ienwis^ 
OscUiatoria Hainelii, Lyngbya confervoides and others. 

19. Aulosira prolifica Bharadwaja. Bharadwaja, op. cit,, 
1933, pp. 131-136, Figs. 5 and 6. 

Lat. fil., 4 *8-5 *6 fc lat. trich. 3 *2-4 *8 /i; long, cell, 8-16 g; 
lat. het., 4-6*4 (-8) //; long, het., 4-8-16 ii. 

Hal:)itat: — Ellore: in a pond, along with aquatic angiospernis. 

20. Aulosira fertilissima Ghose var. tenuis Rao. Bhashya- 
karia Rao, op. cit., 1937, p. 352, Fig. 3, F to L 

Lat. hi., 4-8-10 /p; crass, vag., iipto 3 /p; lat. trich., 3 *3-5 -5 p ; 
long, cell., 4-8-10 p : lat. het., 4*8-6 p; long, het., 8*2-16*5 p; lat. 
s|)or.. 6*6^-10 // ; long, spor., 13*2-19*8 p. 

Habitat: — Ghittavarani : in a pond, along with Aulosira 
Frifschii, Oscillaioria Hainelii and Lyngbya confervoides; Namdur : 
in a road"Side pond, along with Anabaena unispora A-ar. crassa. 

3. SCYTONEMATACEAE 
Genus Fleet onema Thuret 

21. Plectonema indica Dixit. Dixit, op. cit., 1936, p, 98, 
Fig. 2, E and ip 

Forma. 

Lat. fil., 8*2-13 p; lat. trich., 6*4-8 p; long, cell., 3*3-16 p; 
crass, vag., upto 1*5 p. 

Hal)itat: — Narsapur: on a damp chimam wall in the writers 
house. The sheath in this form is always thin and unstratified. 

Genus T olypoihri.v Kuetzing 

22. Tolypothri.\- nodosa Bharadwaja. Bharadwaja, The 
Taxonomy of Scytonema and Tolypothrix including some new 
records and new species from India and Cevlon, Revue Algalogique, 
1933, n. 1-2, p. 176. Fig. 7 c. 

Lat. fib. 5 *5-7 -2 p; lat. trich., 4-5*2 p; long, cell, 4-20 p; 
lat. het, 4 *8-8 *2 p; long, het., 10-16*5 p. 

Habitat: — Namdur: in a pond, along with Anabaena unispora 
vzT.f tenuis and other aquatic angiospernis; Polamur: in stagnant 
ponds. ■ 

23. Tolypothrix robusfa Gardner forms. Rao. Bhashyakarla 
Rao, op. e if. ^ 1937, p. 354. . 

", Lat. fil.,. 13*2-14,;.8, when old upto 20 p; crass. Tag.., 2-5 p, 
when old upto 6 p; lat trich., 8-13, when old and unhealthy 
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narrowed down to 6-6 ix: long, cell., 8-12 /o wlieti old and unhealthy 
iipto 40 // ; lat. het., 6*6-10 w; long, het., 11-36 u. 

Habitat : — Polanuir : in a pond : Namdiir : in a road-side |)ond, 
along with Lynghya confervoides and Oscillator ia princel^s: in a 
rain-water puddle !)y the side of the rail-way Htie connecting Palacol 
and Narsapur. 


Genus Scytonema Agardh 

24. Scytoneow Fritschii Ghose. Ghosc. A systematic and an 
ecological account of Blue-green Algae of Lahore and wSimla, 
Journal of the Linnea}i Society, Bot., 1923. XLVT. p. 342. PI. 31. 
Fig. 11; Bharadwaja, The Taxonomy of Scytojiema and Toly- 
poihrix including some new records and new .species from India 
and Ceylon, Revue Algalogique, 1933, n. 1-2. p. 157. 

Lat. fil, 16*5-19 (-22 ) n: crass, vag., 3 *3-4 *8 u : lat. trich,, 
6*6-13*2 /!,; long. cell.. 3*3-23 u: lat. het., 13-15 //; long, het., 
23-46 

Halhtat El lore : in a pond. 

I'he |>resent alga agrees with the second of the two forms 
collected l)y M, O. F. Iyengar from the Vandalnr Tank, Madras, 
and described l>y Bharadwaja. 

25. Scyionenia coactile Mont. Geitler. op. cif., 1930-32, 
p. 753, Fig. 479. 

Lat. fil., 15* 5-19*8 // ; crass, vag., 3*3-4 u: lat. trich.. 10- 
11*8 a; long, cell, 10-16*5 ti: lat. het., 13*2-16*5 a; long. het.. 
16*5-23 /(. 

Habitat Palacol : on stones submerged in water at the edge 
of a pond, 

26. Sevionenta guayanen^sc (Mont.) Born, et Flah. Fremv, 
op, cif., 1930. p, 312, Fig. 265. 

Lat. fib. (13*2-) 15-16*5. when old u|)to 20 //: crass, vag., 
2-3, when <‘1(1 ii|)to 4 and thinned out at apices to 1 //; lat. trich.. 
11-14, when old and unhealthy narrowed down to 9 g ; long, cell, 
7-20 it; lat. het,, 10-14 //; long, het., 11-20 tx. 

liabitat: — Polamur: on damp brick work near a well. 

27. Scytonema mirabile (Dillw.) Born. Geitler, op. cit., 
19v50-32, ])],). 776 and 777. Figs. 498 a-f ; Freniy, op. cit., 1930, 
p. 318, Fig. 268; Bharadwaja, The Taxonomy of Seyfoneina and 
Tolypofhrix including some new records and new s|)ecies from 
Ceylon, Revue Algalogique, 1933, n. 1-2, p. 171, Fig. 5 A. 

Lat. fil, 13-16 g; crass, vag., 3-4*5 g; lat. trich., 5-7*2 //; 
long, cell, 3-8 g; lat. het., 6 *6-8 *2 g; long, het., 10-13*2 //. 

Habitat: — -Namdur: on the bricks of a well pavement. 
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4. Nostocaceae 
Genm Cylindrospermimi Kuetzing 

28. Cylindrospeiimim musclcola Kiitz. Fremy, op. cit., 1929, 
p. 377, Fig. 313; Tiklen, op. cif., 1910, PL X, Fig. 6. 

Lat. cell, 2 *8-3 *3 ii; long, cell, 2 -8-4 -8 fi; lat. het., 
4~4v2 long, liet., 4-8-6-6 u; lat. spor., 8-5-11*5 fi; long, spor., 
13-2-19-8 

Habitat : — Polanuir : in a pond intermingled with Char a sp. 

Genus Nostoc Vaucher 

29. Nostoc carneum Ag. forma minor Bharadwaja. Bharad- 
waja, The Myxophyceae of the United Provinces, . India — I, 
Proceedings of the Indian Acadeniv of Sciences, 1935, B, Vol. II, 
No. 1, p. '102;’ Geitler, op. cit., 1930-32, p. 839, Fig. 530. 

Lat. cell., 3-2 a: long. celL, 3 -2-6 -4 //; lat. het., 4-6*4 
long. het.. 4-7*2 ii; lat. spur., 4 *8-6 *4 fi; long spor., 6-4-9*6 //. 

Habitat : — Bhimavaram : on wet soil near a water course 
amidst crop-tields. 

30. Nostoc spongiaeformc Ag. var. tenuis Rao. Bhashyakarla 
Rao, op, cit., 1936, p. 168, Fig. 2 F. 

Lat. cell, 3*2-3*8 ii; long, cell, 3*2-5*6 //; lat. het., 
4*8-5*6 long, het., 4 *8-6 *4 u; lat. spor., 4 *8-5 *5 ju; long, spor., 
4 • 5-8 u. 

Habitat Ellore : on moist soil. 

31. Nostoc cllipsosporuni Rabenh. Geitler, op. cif., 1930-32, 
p. 842, Fig. 533. 

Lat. cell., 3 *8-4 ’2/0; long, cell., 5 *6-8 *8 fi; lat. het., 

4- 6*4 «; long, het., 6 *4-9 *6 u; lat. spor., 6*4-8 fi; long, spor., 
8-12 //. 

Habitat: — Mogaltur: in salt-water puddles, along with 

Osc ilia t aria nigroviridis and Spirulina mo for. 

The spores in this form are somewhat shorter than those of 
the type. 

Genus Anabaena Bory 

32. Anabaena unis par a Gardner var. crassa Rao. Bhashya- 
karla Rao, op. cit., 1937, p. 360, Fig. 5, D and E. 

Lat. cell. 4*8-5 *8 //; long, cell, 4*8-16*5 /i; lat. het., 

5- 6*6 /i; long, het, 6‘6-14*8 lat. spor., 10-13*2 g; long, spor., 
26-35 

Habitat .—Namdur : in a pond, along with Tolypothrix nodosa. 
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5. OSCILLATORIACEAE 
Genus SpintHna Turpin 

33.. Spirulina subsalsa Oerst. Geitlei\, opl cii,, 1930-32,. 
p. 928, Fig. 593 a; Tilden, op. c!t., 1910, Pi. I V, Fig. 49. 

Lat. trich., 1*5-2 fi; lat. spor., 3*8-5 a. 

Habitat Palacol : on water logged soil at the edge of a tank 
(Ram Gundam) along with Oscillatoria forinosa: Polamur: floating 
in ponds, along with Spmdma major, Osciliatorm formosa and 
0. princeps. 

34. Spirulina major Iviitz. Geitler. op. cii., 193()“32, p, 930, 
Fig. 595; Freniv, op. cit., 1930, p. 235, Fig. 208; Tilden, op. cit., 
1910, PI. IV, Fig. 46; Fremy, op. cif., 1934,' PL 31, Fig. 18; Carter, 
A comparative study of the algal flora of two salt marshes. Part II, 
Journal of Ecology, Vo\. XXI, i, 1933, p. 159, Fig. 2 ; Gliose, On 
some Alvxophvceae from Rangoon, Journal of the Burma Research 
Society, \ol XV, Part III, 1926, PI, VI. Fig. 3. 

Lat. cell., 1*2-1 *5 a; lat. spir., 2 *5-3 *5 a; spat, inter duo 
.spir.,, 2*4-6 ii. 

Habitat: — Ellore: in a pond along with Oscillatoria quadri- 
punctulata and others : Narsapur: in a pond along with Oscillaforia 
chalybea, O. terebrifonuis forma and O. princeps; Mogaltur: in 
salt water puddles near salt creaks, along with Oscillatoria nigro- 
viridis, and Xostoc ellipsosporum ; Polamur: floating in ponds, 
along with Spirulina subsalsa, Oscillatoria princeps and 0. fonnosa. 

Genus Oscillatoria Vauch, 

35. Oscillatoria vicagapatensis sp. nov. (Figs. 1-3), 

Plant-mass hliie-green. Trichomes straight or bent, pale blue- 
green, uniformly broad except at the extreme apex, without 
constrictions at the joints. Cells much shorter than broad with 
granular contents ; end-cell broadly rounded forming a cap with 
a slightly thickened outer-wall. 

Lat. trich., 8-10 ft; long, cell., 1*6-2 g. 

Habitat : — Vizagapatam : on moist rocks in a dark and shady 
cave in a hillock. 

The alga agrees with Oscillatoria Imiosa Ag. and 0. obiusa 
Gardner in having n on-attenuating trichomes without constrictions 
at the septa but differs from both these species in the presence of 
a definite cap with a slightly thickened outer wall at the apex of 
the trichomes, that are much narrower and possess much shorter 
cells. It further differs from 0. limosa in the absence of granules 
on either side of the septa. 
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36. Oscillatorla nic/ro-znridis Thwaites. Tilclen, op. cit., 1910, 
PL I\L Fig. 12. 

Lat. cel!., 7 *2-9 *6 a; long, cell., 2*4-4 fi. 

Habitat : — Mogaltur : in salt-water puddles near salt creaks, 
along with Spirulina major and Nostoc ellipsosporimi. 

37. OscUlatoria ornata Kiitz. Geitler, op. cif., 1930-32, 
p. 945, Fig, 599 a. 

Lat. cell., 9 *<8-11 *5 //; long*, cell., 3*3-6 //. 

Habitat ; — Polamtir : in a pond, along with OscUlatoria fonnosa, 
Spirulina subsalsa and 5. major. 



1 2.3 4 5 6 


Figs. \-3.— OscUlatoria vioagapatensis sp. nov. Fig.s. 4-7—Phorini- 

atitm stagnina sp. noY. All X S/'S. 

38. OscUlatoria princeps Vauch. Freniy, op. c^^., 1930 p. 207, 
Fig. 17S; Tilden, op. 1910, PI. IV, Fig. 3. 

Lat, trich., 19;8-26 /<; long, cell., 3-5 
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Habitat: — Narsaptir: in a pond, along with Ocdogoniuin sp. ; 
Polamur: free-floating in ponds; Ellore : free-fluating in a rain- 
water puddle amidst rice-fields ; Palacol : in waste water drains, 
along with Oscillaforia forniasa: Nanidur: in a road-side pond, 
along with Tolypothrix rohusta forma and [.ynybya confcmndcs ; 
Chittavaram: in a stagnant pond. 

The form collected in Chittavaram shows the following 
measurements: lat. cell., 40-42 a and long, cell, 4 ‘8-6 -6 /c 

39. OscUlatoria angiuna (Borv.) Gom. Geitler, of, cit., 
1930-32, p. 945, Fig. 599 5. 

Lat. cell., 6 *6-8 *2 a; long, cell., 1*5-2 *5 it. 

Habitat: — Polamur: in a jxind, along with Phonuidiiun Retmi, 
OscUlatoria claricenlrosa forma, Chant sp. and Elodea sp. 

40. Oscillaforia terebrifonnis Ag. forma Rao. Bhaslivakarla 
Rao, op, cit., 1936, p. 171; Tilden, op. di., 1910, PL IVL Fig. 39. 

Lat. cell, 4*8-6 ii; long, cell, 3* 3-5 *5 p. 

Habitat : — Narsapur : on soil in the first instance but later 
free-floating in a pond, along with OscUlatoria vhalyhea and O. 
prince ps, 

41. OseUlatoria chalxbea Hertens. Tilden, op. dt., 1910, 
PL IV, Fig. 36. 

Lat. cell, S-i0*8 u: long, cell, 3 *3-6 *6 n. 

Habitat: Narsapur-: on soil in tlie first instance l)Ut later free- 
floating in a pond along with OscUlatoria terebrifonnis forma and 
(J. prince ps. 

42. OsdUaioria Hameli Fremy. Fremy, op. dt., 1930, p. 221, 
Fig. 187. 

Lat. trich., 4*8-5 //; long. cell. 54) *6 p. 

Habitat: — Chittavaram: in a pond, along with Aulosira 
fertUissinia var. tenuis, A. FritschU, and Lyngbya confervoides. 

43. OscUlatoria quadripiinctulata Briihl et Biswas. Briihl et 
Biswas, The algae of the Bengal Filter Beds, Journal of the Depart- 
ment of Science, Calcutta University, 4, 1922, p. 5, PL I, Fig. 6; 
Biswas, Road slimes of Calcutta, Journal of the Department of 
Science, Calcutta University, 7, 1925, p. 10, Id. H, Figs. 11 a-d, 

Lat. cell, 1*6-1 *8 u; long, cell, 4-8 p. 

Habitat '.—Ellore : in a pond, along with Spirldina major and 
others. 

In this form there is one granule on either side of the septum. 

44. OscUlatoria formosa Borv. Geitler, op. dt., 1930-32, 
p. 971, Fig. 619 5. 

Lat. cell, 4*5-6*6 a: long, cell, 3*3-5 p. 



92 


C. BHASHYAKARLA RAO 


Habitat : — Palacol : on water-logged soil and in waste-water 
(Iraiiis along witli Oscillatoria princeps; Polamur : in ponds, along 
with Spindina subsalsa and S. major. 

Ponna. 

Lat, celL, 3- 8-4*8 ii; long, cell., 1-2*4 //. 

Piabitat : — Narsapur : on moist soil, along with Oscillatoria 
aninialis forma tenuior. 

This form is characterised by having shorter cells. 

45. Oscillatoria claricentrosa Gardner forma bigranulata Rao. 
Bliashyakarla Rao, op. cit., 1937, p. 370, Fig. 7 c. 

Lat, cell., 2-2*4 u; long, cell, 4 *8-9 *6 /o 

Habitat : — Chittavaram : in a rain-water puddle along with 
Oscillatoria princeps. 

46. Oscillatoria rubescens I). C. forma Rao. Bhas>hyakarla 
Rao. op. cit., 1937, p, 367. 

Lat. cell, 4 *8-6 *4 a; long, cell, 2*4-4 a. 

Ha])itat : — Polamur : on stones at the edge of a pond. 

47. Oscillatoria prolifica (Greville) Gomont. Tilden, op. cit., 
1910, PI IV, Fig. 1. 

Lat. cell, 4-5 //; long, cell, 2*4-6 //. 

Flabitat : — Namdur: in a road-side pond, along with Oscillatoria 
princeps, Toly path rix robust a forma and Chroococcus turgidus. 

48. Oscillatoria calcuttensis Biswas. Biswas, op. cit., 1925, 
PI I, Fig. 9. 

Forma. 

Lat. cell, 1*9-2 *4 g; long, cell, 2*4-8 g. 

’Habitat: — Namdur, Polamur and Palacol: in the stagnant 
water of rice-fields along with Aphanothece pallida; Palacol: float- 
ing in stagnant ponds, along with Aphanothece bullosa. 

The trichomes of this form are single, bent or tortuous, with 
usually straight ends and the granules on either side of the septum 
varying from one to four. 

49. 6) .vri//a/orfa aniinaUs Jig. forma tenuior Stockmayer. 
Geithr,, np.ccit.y 1930-32, p. 950, Fig. 603 e. 

Lat. cell, l*8-2*5 /i; long, cell, 2-4*8 g. 

Habitat :— Narsapur : on moist soil along with Oscillatoria 
formosaionm. 
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Genus Phormidiitm Kiitz. 

50. Phormidiiim stagnina sp. nov. (Figs. 4~7). 

Thailus soft, blue-green and membranous. Trichomes l>!ue- 
green, laxly interwoven and non-attenuating. Sheath hyaline, un- 
stained with Clilor-zinc-iodide, thick, firm, sometimes diftluent or 
dissolved. Cells small, without constrictions at the joints. Fmd- 
cell broadly rounded with a prominent calyptra. 

Lat. fib, 12* 8-14* 4 a; lat. cell.. 8-9*6 g; long, cell, 1*3-2 /o 

Habitat: — Palacol : in stagnant ponds along with aquatic 
angiosperms. 

The alga can be compared to Phormkfuim olivascens Fremy 
and F. pachydermaiicitnt Fremy in the presence of non-attenuating 
trichomes without constrictions at joints and provifie<l with a 
sheath, that does not turn blue with Chlor-zinc-iodide. But it 
differs from both these species in the broader trichomes. shorter 
cells and in the end-cells being l)rc)adly rounded and provided with 
a prominent calyptra. It further differs from the former species 
in the presence of a blue-green soft membranous stratum with laxl}* 
interwoven filaments and from the latter in the sheath lieing 
unstratified. 

51. Phormklium Bohneri Schmidle. Schmidle, “Beitrage Zur 
Algenfiora Afrikas'', Encflers Botamsche Julirbucher, 30, HK)2, 

Fig. 11. 

Lat. cell., l‘7-2 a; long, cell, 1-2*4 n. 

Habitat; — Palacol: on stones near a house outlet, along with 
Aphanocapsa niontaua: Xarsa|mr: on steps submerged in tlie water 
of a tank. 

52. Phormidium cehenncnse Gom. Fremy, op. cit., 1930, 
p. 147, Fig. 129. 

Lat cell, 1*8-2 «; long, cell., 1-1*6 g. 

Hal>itat : — Polamur : on steps submerged in water of a pond, 
along with Lyngbya gracilis. 

53. Phormidium valderianum (Del]).) Fremv, op. cit., 1930, 
p. 147, Fig. 126; Fremy, op. cif., 1934, PL 23, Fig. 2. 

Lat. ceil., 1*8-2 *2 g; long, cell., 4-6*4 g. 

Habitat : — Yizagapatam : on a big rock extending into the sea 
from the shore. 

54. Phormidium Retsii (Ag.) Gom. Geitler, rit, 1930- 
32, p. 1012, Figs. 647 a-d. 

Lat. cell., 4 *9-6 *6 g; long, cell., 4-6*6 g. 

Habitat: — Polamur: in a pond along with Oscillaiorla .anguina^ 
Chara sp. and Elodea sp. 
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55. Phonnidiuni coriuui Gom. Tildeii, op. cit., 1910, PL IV, 

Figs. 71 and 72. 

Lat. fiL, lat. cell, 2-8-3-2 ii; long cell., 

3-2-8 /I. 

Habitat — Narsapur : on a damp chimam wall in the writer’s 
house ; Palacol on moist bricks of a compound wall. 

56. Phoiinidium aufuninale (Ag. ) Gom. Geitler, op. cit., 
1932, p. 1026, Fig. 84. 

Lat.. cell., 4 -8-5 u\ long, cell., 2-4*8 /o 

Habitat: — Narsapur: on mud coated rocks near a water pump- 
ing engine. 

Genus Lynghya Agardli 

57. Lxnqbva ciracilis Ral)enh. Fremv, op. cit., 1934, PI. 26, 

Fig, 3. 

Lat. fiL, 8-9*9 ii; lat. cell., 5-6-7 a; long, cell., 2-6 g. 

Habitat : — Polamur : on steps submerged in water of a pond, 
along with Phoruiidiuiu cebennense. 

58. Lynghya Nordgardliii Wille. Geitler, op. cit., 1930-32, 
p. 1040, Fig. 658 a-c. 

Lat. fil., 3-4 u; lat. cell., •1-8-2-4 //; long, cell., 1-2 g; crass, 
vag., 0-2 ft. 

Habitat : — Namdur : epiphytic on Lynghya niajusctila var. 
chakiaense in a pond. 

In this form the constrictions at the joints are not so prominent 
as in the type. 

59. Lynghya arhoidcola Bruhl et Biswas. Briihl et Biswas. 
Commentationes Algologicae ii. Algae epiphyticae epiphloiae indicae 
or Indian Bark Algae, Journal of the Department of Science, 
Calcutta University, 5, 1923, PI. HI, Fig. 10 a-e; Geitler, op. cit., 
1930-32, p. 1053.' 

Lat. fil., 19*8-26 //; lat. trich., 16*5-17*5 a; long, cell., 4*8- 
6*6 (-10) g] crass, vag., upto 4 n. 

Habitat: — FJlore: on the bark of Mangifera in die a. 

60. Lynghya ceylanica Wille. Geitler, op. cit., 1930-32, 

p. 1055, Fig. 668 a; Gliose, On a collection of Myxophyceae from 
iMergui and some neighbouring islands. Journal of the Burma 
Research Societv, 1927,^ Vol. XVII, Part III, pp. 224-251, PL III, 
Fig. 11. 4^ • ■ . . ■ 

Forma. 

Lat. fil., 9*6-13*2 g; lat. cell., 7*2-9-6 g; long, cell., 
1 •^6-3*2 crass. A^ag., 1 *2-2*5 . 
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Habitat : — Namclur : on nioist soil amidst rice-fields, along with 
Microcoleus chthonoplasfes. 

The cells in this form are shorter. 

61. Lynghya niajuscula Harv. Fremy, op. cit., 1934, PI. 28, 
Fig. 1 a and b; Geitler, op. cit., 1930-32, p. 1060, Fig. 672 c and 
d; Tilden, op. cit., 1910, PI. V, Fig. 42. 

Lat. fil., 43-53 u; lat. trich., 30-39 u: long, cell., 1*6-4 u; 
crass, vag., 5-10 ii. 

Habitat : — Mogaltur: on stones in the salt creaks. 

Var. chakiaens Rao. Bhashyakarla Rao, op. cit., 1936, p. 172, 
Fig. 3 e-f. 

Lat. fik. 36-50 u; lat. trich., 26-36 a; long, cell., 4-8*2 u; 
crass, vag., 4*8-5 g. 

Habitat : — Namdiir : in a pond along with Lynghya confer- 
voides; Cocanada: in roadside puddles. 

62. Lyngbva confervoides Ag. Tildem op. cii\, 1910, PL V, 
Fig. 39: Frimy^ op. cii.. 1934, PI. 28, Fig. 2: Carter, op. ciL, 1933, 
p. 162, Fig. 11. 

Lat. ill., 16*5-21*4 u; lat. trich., 11*6-14 g; long, cell., 2-4 g: 
crass, rag., upto 4 g. 

Habitat: — Xaindiir: in a [)ond, along with Lynghya majuscula 
var. chakiacnse; Polanmr: in a shallow well; Chittavaram : in a 
along with Aulosira Fritschii, A. ferfilissiina var. tenuis and 
Osciliaioria ILanieli; Nanidur: in a road-side |)on(l, along with 
Toiypothri.r robusia forma and O.u'iiiaiaria priuccps. 

63. Lynghya sciniplena Ag. Tilden. op. cit.. 1910, PL V, 
Fig. 38. 

Lat. fil., 13*2-17*6 g: lat. trich., 7-10 (-11*2) g; long cell., 
1*6-2 *5 g; crass, vag., 2 *4-3 *3 g. 

Hal)itat: — Mzagapatam: in a rocky ])iKldle on the sea-shore. 

64. I^xjigbva aenigineo-coerulea {Kutz. ) Goin. Fremv, op. 
cit., 1930. p. i93. Fig. 157; Ghose, op. cit, 1926, PL VI, Figl 7. 

Lat. fil., 5 *6-4:) *4 g; lat. cell., 4 *8-5 *6 g; long, cell., 
2 *4-5 *6 g; crass, vag., 0*6-1 g. 

Habitat: — Palacol: in a tank (Ram Guiidam) along with 
Oedogonium sp. ; Cocanada: on the cemented area near a house 
tap, ( J . Wnikates warlu ) , 

65. I.^vngbva nigra Ag. Geitler, op. cit., 1930-32, p. 1063, 
Fig. 675 a. ^ 

Lat. fil., lO-U-2 u; lat. trich., 7-10 g; long, cell., L8-3-3 g; 
crass, vag., 1-1*5 g. 

Habitat ; — Cocanada : in a road-side puddle. 
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66. Lyngbva corhieri Fremv. Geitler, op. cit., 1930-32, 
p. 1065., Fig. 678. 

Lat. fil., 10-4-12-8 lat. trich., 7-9-9 ; long, cell, 3*2- 

5-6 it; crass, vag., 1-5-3 //. 

Habitat : — Yizagapatain : in a rocky puddle on the hillock ex- 
tending into the sea from the shore. 

67. Lynghya major Menegh. Tilden op. cit., 1910, PL V, 
Fig. 46; Geitler, op. cit., 1930-32, p. 1066, Fig. 679a,' West, op. 
ciL 1916, p. 42, Fig. 28 A. 

Lat. fil., 20-26 //; lat. trich., 13-17*6 ii; long, cell., 1*6-3 -3 g; 
crass, vag., 3 *5-4 -5 g. 

Hal)itat : — ’Cocanada : on mud and stones submerged in water 
of a puddle, along with Lynghya nigra. 

Genus Microcoleus Desmazieres 

68. Microcoleus cJiflwuopIastes Thuret. Geitler, op. cit., 
1930-32, p. 1134, Fig. 739. 

Diam. vag., 13-105 a; lat. vag., 3-30 u; lat. cell., 3*2-4 g; 
long, cell, 3-S g. 

Habitat: — Narsapur: on water-logged soil in a rice-field; 
Namdur : on moist soil amidst rice-fields, along with Lynghya 
ceylanica forma; Cocanada: on moist soil near the Botanical 
Laboratory of Pithapur Rajah’s College. 

This investigation was carried out in the Botanical Laboratory 
of the Benares Hindu University while the writer was a Research 
Scholar there. The writer takes this opportunity to express his 
great indebtedness to Professor Y. Bharadwaja for his kind 
criticism and advice during the preparation of this paper. 
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Dodonea viscosa Linn. (Family Sapindaceae) is widely dis- 
tributed all over India. Being a hardy ever-green shriilv it is 
commonly grown for hedges. The plants for this |)urpose are 
raised from seeds, which are formed inside generally 3-winged 
septicidal capsules. The flowers are mostly dioecious, rarely 
monoecious or polygamous. The seeds are formed when both male 
and female plants grow together and pollination takes place easih'. 

My attention was drawn towards the occurrence of partheno- 
carpy in this species l)y an accident. I had a number of these 
plants growing in the com|>ound of my house. Gradually, hijwever, 
most of them died as a result of attacks l)y white ants, so that 
last year only one plant was left. In the last February 1 saw this 
plant flowering. Only female flowers were |)roduced. Yet I 
found most of them developing into fruits. To l)e further sure 
that this was not at all due to |>oll!nation or if it was or not 
the effect of foreign pollen, I l)agged a large mimlier of flower 
buds. lA'en then 1 found many of them developing into fruits 
(Fig. 1). Dissection of these fruits showed that there were no 
seeds inside. The ovules were found to have degenerated owing 
to the a]»sence of fertilisation f Fig. 2 ). It is thus (|iiite clear that 
the gynoecinrn (#f Dodonea viscosa has tlie power of developing 
parthenoer:rpiall}’ in the absence of [)ollination and without the 
action of aii}' other external stimulus. 

The |)artlienocarpic frtiils are just like the normal fruits exce|)t 
that tliey contain no seeds. They reach the same size and form. 
The only difference visil)le externally is in the behavi<»ur of the 
style and the stigmas. The style remains persistent and green for 
a much longer time than in normal fruits. It begins to <1ry only 
when the whole fruit 1)egins to dry, and even grows in length as 
the fruit develops. The stigmas in the partheiucarpic fruits 
remain unclosed till the end. 

A list of known cases of parthenocarpy would lead one to 
believe that the plieiiomenon is mostly confined to tlie cultivated 
fruit plants. Its occurrence in such wild plants as Taiuarix dioica 
(Joshi and Kajale, 3) and Dodonea viscosa, however, shows that 
it is likely to be found wide-spread in nature also, when a proper 
investigation is made of these plants. 
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About the cause of such gTOwth, it is not desired to say much 
just at preseiit. Since 1902, when Massart (4) placed dead pollen 
on the stigma of an orchid and observed slight enlargement of the 
ovary, there has l)een increasing evidence to believe that partheno- 
carpy results from the action of foreign pollen. The recent works 
of Yasiida and his collaborators (5 and 6) and Gustafson (2) 
provide good illustrations of this view. From a large number of 
experiments, the latter author concludes that there is present in 
the pollen of some plants a substance (or substances) which initiates 
growth of ovaries and in some instances causes seedless fruits to 
be formed. Gustafson (1) has also caused fruits to develop 
parthenocarpially by treating the pistils with indole-Sn-propionic, 
indole-acetic, indole-butyric and phenyl-acetic acids. Mechanical 
injury has also been found in some instances to bring about 
changes that normally occur only when pollination and fertilisation 
are consummated. 



Figs. 1 — 2. Dodonea viscose, . 

Fig. 1.— A Small twig which was bagged before any of the flowers had 
opened and now shows a bunch of 5 parthenocarpially developed fruits. X H- 
Fig. 2. — A parthenocarpic fruit with one of the loculi opened by removing 
one of the wings, showing the persistent style, unclosed stigmas and the 
degenerating ovules. X 


The pistils of Dodonea viscosa and Tamariv dioica, however, 
have the property of developing parthenocarpially without the 
action of any external stimulus. One may, therefore, venture to 
suggest that the carpels of some flowering plants have the inherent 
capacity of growing to their full stature (i.e„ iht fruiting condition) 
without any regard for pollination or development of seeds. That 
this should happen, in a way, is not at all surprising. The carpels 
are after all sporophylls. Among the ferns and other Pteridophyta, 


PARTHENOCARPY IX DODONEA ViSCOSA 


99 


the sporophyils grow to their full size by the time of spore 
tion. The formation of the next sporophytic generation, it being 
quite independent of the parent sporophyte, has no controlling 
effect on the size and form of the sporophyils of the parent 
sporophyte. That the same should happen in some of the flowering 
plants like Dodonea viscosa is perhaps just a remnant of this phase. 
In most of them the full growth of the carf)els lias l)ecomc 
dependent on pollination, fertilisation and subsequent de\'el<.>pment 
of the next sporophytic generation. In a few forms perhaps it is 
not so dependent. 

Summary 

Pistils of Dodonea viscosa develop into partheiiocarpic fruits 
when pollination is prevented. Such fruits are (juiie similar U) 
normal fruits except that they contain no seeds and diit'er slightly 
in the behaviour of the style and stigmas. Xu t‘xtenial stimulu-^ i^ 
necessary for such clevelopinent and it is suggested that tlie car])els 
of some flowering | slants have tlie inlierent cajiacity nf growing to 
their full stature (the fruiting stage I withotit any regar<l f).,>r polli*' 
nation or development of seeds. 
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l. Introduction 

Among the Commelinaceae, considerable work has been done 
only in the genus Tradescantia. Cytologists hpe ahvtu-s promptly 
turned to the large chromosomes of species of Tradescantia as to 
those of the Liliaceous plants to verify their interpretations of 
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tlie sinictiire and l)ehaviour .of the chromosomes in general. But 
it is recently that species of certain ■ other genera have been 

investigated even from the cytoiogical point oi view. Hance (1915) 
worked ‘Hit the pollen development in Zehrina pendula. The 
characteristic formation of tapetal periplasmoclium in the anthers 
of the Commelinaceae has successively attracted the attention of 
Tischier I 1915 j, Mascre (1925), and Steiiar (1925). A critical 
study of multiple ring formation and other evidences of 'structural 
h}i)ridit\'‘ in some representatives of the section Tradescantieae 
has l)een made l)y Darlington (1929). Rau (1930) has described 
certain interesting features like the ieptotene- and pachytene- 
bouquets, |;)seudo-reduction of .the number of chromosomes, diakinetic 
decouj ligation and the dilTuse stage in the pollen mother cells of 
Cyanoiis cr is fata Schlt. . . 

iriie monocotyledons exhiliit great varial)ility in the details of 
their life-history as compared with the dicotyledons. Though 
considerable work has been done in the other monocotyledonous 
families still there is much scope for detailed investigations of the 
Commeliiiaceous plants from this point of view. Strasburger (1879) 
descril}ed tlie normal mode of dei'elopment of the embryo sac in 
Tradescantia virginica. According to Stenar (1925) the same 
holds good for the emlnyvo sac of Tradescantia albiflora also.- It is, 
however, worth noting that in Coinvielina stricta, Gtiignarcl (1882) 
found the Scilla type of development of the female gametophyte, 
wherein the outer one of only two megaspores functions, whereas 
i\Iaheshwari and Singh (1934) have observed the normal linear 
tetrad of megaspores in Cominelina benghalensis. But considerable 
interest attaches to the embryo of the Commelinaceae. Solms- 
Laubach (1878) stated that in the two genera, Tinnantia and 
H-eteraciia, no suspensor is developed as in the Pistia type, and 
that the stemtip is terminal in origin but is later forced to one side 
by the strong growth of the cotyledon, which is here of lateral 
origiii. Later on, Suessenguth (1921) worked on the embryo of 
Tradescantia rnyrtlfolia but left certain important points unsettled. 

2. Materials and methods 

Unlike in Commelina benghalensis, none of the plants here 
selected for study produces deistogamous flowers. 

Fixations were carried out on bright days at different hours. 
Divisional figures were best- obtained between 1 p.m. and 3 p.m. 
Several fixatives were tried. The best results for all stages were, 
however, obtained w^ith Botiins fluid. Since in the study of the 
embryo difficulty in cutting was anticipated, the material was cleared 
in cedar oil instead of in xylol. Still much trouble was felt in 
securing sections of the seed showing advanced stages of the 
embryo on account of the thick-walled seed coat. 

Sections were cut from 6 microns to 12 microns in thickness. 
'Fhey were satisfactorily stained in Haidenhain's ii-qn alum 
haematoxylin. 
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3. Megasporogenesis and the development of 
the female gametophyte 

(a) Cyanotis cristata Schlt, 

Two ovules develop in each locule of the trilocular ovary. The 
ovules are axile and orthrotropous and are situated one above 
the other with their micropyles in opposite directions. 

The nucellus appears as a mass of cells protruding into the 
locule from the axile placenta. A ring of cells arises below the 
apical portion of this nucellar mass, forming the first integument. 
A similar ring of cells is formed lower down and constitutes the 
second integument. The inner integument is uniformly composed 
of two layers of cells, the outer integument is more massive. 

The single Iw^podermal megaspore-mother-cell can be recognised 
even before the integuments arise. During the early meiotic pro- 
phase in the nucleus of this cell, a ‘thin bouquet’ is formed by the 
polarisation of the leptotene threads towards the nucleolus. During 
the second division, the chalazal daughter cell divides first into 
two. Later on, however, the micropylar daughter cell divides, 
completing the formation of the tetrad of megaspores. The spindle 
of this division is sometimes oblique, when the tw^o megaspores that 
result are separated by a diagonal wall. (Figs. 1 & 2, PL) 

The female gametophyte is developed from the chalazal 
megaspore. No distinct cap is formed by the disorganized 
niegaspores. but corresponding to them in position are found three 
irregularly distributed black masses. Two successive divisions of 
the nucleus of the functional megaspore take place leading to the 
formation of the binucleate and the tetranucleate embryo sacs. 
Next, in the early eight nucleate stage, it is of interest to notice 
the comparatively large size of the two polars which later fuse in 
the centre of the sac. The antipodals are small and ephemeral. In 
shape, the mature embryo sac is linear and narrow at its antipodal 
end. (Figs. 3, 4 & 5.) 

Certain modifications appear in the ovule after the octo- 
nucleate embryo sac is formed. The ovule grows very much in 
size. A collar-like constriction arises below the micropylar region, 
and divides the ovule into an upper, smaller, dome-like part, and a 
bigger lower part which contains a large mass of nucellar tissue. 
Humphrey (1896) has noticed a similar structure of the ovule in 
the Scitamineae. He calls the constriction the 'micropylar collar’ 
and thinks that it facilitates the supply of nutrition to the developing 
embryo. The mature embryo sac of Cymiotis cristata is restricted 
to the domelike portion of the ovule. But soon after fertilisation, 
the embryo ’ sac begins to penetrate into the nucellar tissue below 
by the elongation of the antipodal extremity of the sac. The 
primary endosperm nucleus divides earlier than the fertilised egg, 
and some of the first formed endosperm nuclei occupy the lower 
region of the embryo sac (Fig. 10), 
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The tissue near the chalazal region of the ovule is packed with 
some intensely staining cell contents. The same sort of cell con- 
tents are found in the inner layer of the inner integument, which, 
however, loses them abruptly beyond the region of the micropylar 
collar. At this region, these cells of the inner integumentary layer 
are much distended with these contents. While the ovule increases 
in size after fertilisation, there appear four infoldings of the wall, 
whicli develop into the i)its found on the seed. 

i b ! A^icilema spiratum R. Br. 

I'he trilucular ovary contains one or two rows of orthrotropous 
ovules in each locule. The number is much greater than in either 

Cyauoiis or Zchruia, 

l'h(* arche-porial cell is hypodennal in origin and cuts off a 
parietal cell, whicli later divides by a vertical wall. These parietal 
cells persist frn* varying lengths of time, either dwindling away 
ver\' earl}' «jr still lieing recognisalile wdien the four-nucleate embryo 

sac is formecL 

Diiriiig the .second division in megasporogenesis, the ' two 
spindles in the daughter cells are directed at right angles to each 
other. A T-fortiied arrangement results. It is the chalazal megas- 
pore that develops into the embryo sac (lig. S). 

An eight nucleate embryo-sac is formed as usual. Polar fusion 
then takes place and the antipodals are so ephemeral as to be 
difficult to detect. The mature embryo-sac is not narrow in the 
antipodal end. Though the micropylar ])ortion of the ovule is 
narrow, still it is not delimited by a definite micropylar collar as 
in Cyanotis, The chalazal region and a small extent of the inner 
integument are, however, full of some prominent cell contents. 

(c ) Zebrina pendiila Schn. 

Tlie hypodennal archesporial cell cuts oft a single parietal 
cell The megaspore mother cell enlarges, in size and undergoes 
the usual heterotypic division. It was reported by the author (1934) 
that after the second division no wall is formed between the two 
upper megaspore nuclei, but subsequent observations have revealed 
the "'existence of a faint wall. 

No regular cap is formed by the non- functional megaspores. 
The chalazal megaspore develops into the embryo-sac in the usual 
way. The narrow hyaline portion of each synergid shows the 
appearance of a filiform apparatus (Fig. 9). The antipodals dis- 
organise and the mature embryo-sac is not narrow in the antipodal 
end. 

4. Microsporogenesis 

(u) Cyanotis axiUaris R. & S; 

The mkrosporangium, — There are two wall layers between 
the epidermis and the tapetum. The outer forms the endothecium ; 
tile inner becomes flattened and crushed, and finally disorganises. 



EMBRVOGENV IN COMM ELINACEAE 


105 


The tapetiuii at iirst consists of tabular uninucleate cells, whose 
walls disorganise l)y the time synizesis is reached in the microspore 
mother cells. The protoplasts unite to form a true periplasmodium. 
In the early stages of its formation, mitotic divisions take place 
in the tapetal nuclei (Figs. 20 and 21). 

Sporogenesis . — Before entering into the meiotic prophase, the 
pollen mother cells are polygonal in shape and close!}' packed 
together. In the resting condition the nucleus of the microspore 
mother cell shows a faintly staining, large-meshed reticulum of 
delicate threads, and it is onl}' where two or more of these threads 
cross that small aggregations of chromatin occur. No prochromo- 
somes are to lie ol)served. There are one or two nucleoli (Fig. 11). 

The onset of the heterotypic prophase is marked 1)}' a gradual 
contraction of the reticulum away from the nuclear mem1)rane on 
all sides. Faint thin threads connect the central contracting mass 
of chromatin with the. nuclear membrane (Fig. 12). The pollen 
inother cells now gradually separate from one another and become 
spherical in shape. A tight knot of chromatin is organised l)y the 
contracted mass, now placed on one side of the nuclear cavity. The 
nucleolus is not included in the knot but projects on one side. All 
connections with the nuclear membrane l)reak down. 

A gradual unloosening of the knot follows. The open spireme 
stage shows large loops spread out in the nuclear cavity, and these 
loops twist around one another in certain places. Splits are 
observed in small bits of the thick thread which presents a twisted 
appearance. Definite connections of the chromatin with the 
nucleolus are absent. 

The loops are then gradually drawn towards the centre or they 
are irregularly contracted to a side of the nuclear cavity. The 
resulting second contraction figure is a densely staining, tight knot 
with an irregular shape, resembling the same stage of Oenothera 
(Cleland, 1926). A connection of the nucleolus with the chromatin 
is often present. But no changes in the staining capacity of the 
nucleolus were ol)ser\^ed during the whole course of the prophase. 

At the end of the second contraction stage, very thick and short 
loops are seen connected by one end at the centre of the knot. These 
break away or separate from the knot at their basal ends and 
gradually condense into the bivalents or gemini. During the 
diakinesis itself many of the bivalents assume the Y-form. Faint 
threads are found attached to the ends of the gemini. Even at this 
stage the nucleolus stains intensely. 

The nuclear membrane is then resorbed, and the gemini are 
grouped together, exhibiting the condition of third contraction 
(Nothnagel, 1916). The achromatic figure arises in the cytoplasm 
in several places but soon becomes bipolar. During the prophase a 
perinuclear zone is found as in Gossypiuiii (Denham, 1924). 

Polar views of the metaphase show ten bivalents of varying 
sizes. Lagging is often met with in the anaphase and each 
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chromosome shows a marked bend in the middle (Figs. 13, 14 
and 15). 

At the end of the telophase a definite cell plate appears and 
cytokinesis results in dyads. During the homeotypic division, the 
two spindles may be found either parallel to or at right angles to 
each other. Cytokinesis again takes place by the cell plate method. 
This successive bipartition of the pollen mother cell results in the 
isobilateral arrangement of the microspores, but the tetrahedral 
arrangement is also met with occasionally. 

{h) Anellema splratum R. Br. 

The microsporaiujiiim . — The structure of the microsporangium 
is the same as in Cyanotis. A true tapetal periplasmodium is formed 
here also. 

Sporogenesis , — The resting nucleus of the pollen mother cell 
reveals many faintly staining chromatin aggregations on a close- 
meshed reticulum. There are usually two nucleoli and nucleolar 
budding is common. 

As in Cyanotis asillaris, there is a direct contraction of the 
chromatin reticulum into the synizetic knot. On recovery from the 
first contraction, the chromatin thread is thick but not very uniform. 
There is a clear indication of its dou1:)le nature. 

During early diakinesis the total number of distinct chromatin 
bodies observed is often more than the haploid number of chromo- 
somes in this plant, namely, twenty. But when the nuclear 
membrane is resorbed preparator\’ to spindle formation, onh- 
twenty definite bivalents are found in the pollen mother cells. On 
account of the small size of the chromosomes, whether fragment- 
ation of certain of the bivalents takes place or whether there is a 
temporary separation of the univalents could not be ascertained 
(Figs. 17 and 18). 

At the end of diakinesis, the gemini remain irregularly 
scattered. Multipolar spindle fibres now appear but soon become 
bipolar. Twenty bivalents can be counted in polar views of the 
metaphase and they are of different sizes. Towards the late telo- 
phase a distinct cell plate is laid down, and cytokinesis results in 
dyads. The homoetypic division follows and isobilaterally arranged 
tetrads of microspores are formed. But some of the microspores 
are also arranged in the tetrahedral manner. 

5. The male gamelophyte 

In Cyanotis cristafa. oi the two daughter nuclei formed by 
the division of the microspore nucleus, the generative nucleus soon 
assumes the form of a slender, curved rod. It is in this binucleate 
condition that the pollen grains are shed (Fig. 16). 
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Some pollen tubes were found in the stylar canal and also in 
the cavity of tlie ovary. The generative nucleus divides giA'ing rise 
to two lens-shaped male nuclei. The pollen tube when about to 
pierce the embryo-sac, bears at its end a darkly stained mass re- 
presenting the disorganised tube nucleus, and further inward are 
the two male nuclei, of which one is clearly shown in the figure 
(Fig. 6). 

In Aneilenia spirafu}}i the generative nucleus is at first lenti- 
cular in shape. Later on the tube nucleus disorganises leaving a 
small dark patch close to the generative nucleus. The latter does 
not become slender and rod shaped as in Cyanotis cristata (Fig. 19 ). 

6. Fertilisation in Cyanotis cristata Schit. 

One of the synergids is destroyed by the entering pollen tube 
and the two male nuclei are lil)erated into the embryo-sac. During 
syngamy, the male nucleus show^s the prophasic condition, while the 
egg nucleus is in the resting stage. When syngamy has just taken 
place, the loosening spireme contributed by the male nucleus is 
clearly visible on one side of the fertilised egg nucleus, the rest of 
which still show^s the resting condition ( Fig. 7). In the triple 
fusion, the male nucleus is in the prophase, wdiile only a faint 
reticulum is observed in the polar fusion nucleus. The same state 
of the nuclei has been reported in Lillmn phUadelphicum and 
LiUuni loiigifloniin (Weniger, 1918). 

7. Embryogeny in Cyanotis cristata Schit. 

The first division of the fertilised egg is transverse. Of the 
two cells that result, the proximal cell divides by a vertical wall. 
The terminal cell also divides by a A^ertical wall, thus forming the 
quadrant stage. Further divisions then take place in various planes, 
until a spherical mass of cells is produced. There is no definite 
basal cell or suspensor, all the cells formed from the fertilised egg 
constituting the true embryo. The apical portion of the embryo 
then begins to form a fairly thick circular outgrowth in the peri- 
phery. This represents the 'sheath' of the cotyledon. Soon, how- 
ever, the 'lamina' of the cotyledon arises as a prominent lateral 
outgrowth of the 'sheath’. The lamina later gradually extends its 
growTh all round but not at a uniform rate, so that one of its 
lateral margins becomes more conspicuous than the other. The 
sheath of the cotyledon is now- not distinguishable from its lamina, 
the latter having merged in its growth with the former. A pore is 
left towards one side of the embryo by the close approach of the 
margins of the cotyledon, wdiich then meet and practically obliterate 
the opening. By this time, the stem apex, which originates in the 
central depression of the apical portion of the embryo, will have 
assumed the form of a mound of cells. The cotyledon in this way 
forms a complete cover over the undifferentiated stem apex in the 
mature embryo. The proximal portion of the embryo becomes 
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very l:)roacl and disc shaped, with a characteristic rim or shelf of 
tissue all round. The radicle originates in the central region of 
this end. The terminal end of the cotyledon wdiich encloses the 
‘hnound of cells'' (the vegetative apex) broadens and also increases 
in thickness. An interesting feature is that the mature embryo 
completely fits into the cavit}^ of the very ‘small dome separated 
from the rest of the seed by the micropylar collar described before. 
A little cap which becomes pushed out on germination is developed 
at the point opposite the radicle. 





Text-fig. 1. Longitudinal sections of the embryo of Cyanotis cristata 
showing various stages of development, a, b, c,d, X 800; e, X 400. 

The germination of the seed is essentially similar to that of 
the Date (Phoenix dactyhfera). But the cotyledon in Cyanotis 
becomes a spherical structure retained within the seed, with "a long 
threadlike stalk connecting the seedling with the seed, Haberlandt 
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(1928) states, “Apart from the grasses, a highly organised absorb- 
ing tissue has been described only in the seedlings of Commelinaceae. 
In Tradescantia erecta the knob-shaped end of the hliform 
cotyledonary stalk remains embedded in the , seed. This haiistorial 
organ, which is about the size of a pin’s head, is covered on all 
sides by a layer of specialized absorbing elements.” (Text-fig. 2). 

8. Discussion 

(a) Megasporogenesis and Female Garnet opJiyte 

The development of the female gametophyte has been 
hitherto worked out in only a few Commelinaceous plants. 
Guignard (1882) has described the Scilla-iy^t of development in 
Coinnielina sfricfa. In Scilla the micropylar cell of a dyad 
develops into the embryo-sac. But recently Slaheshwari and Singh 
(1934) have reported a normal linear tetrad in Commelina 
benghalensis. Both in Tradescantia virginica ( Strasburger, 1879) 
and in Tradescantia albiflora (Stenar, 1925) the female gametophyte 
develops in the normal way. 

A T-shaped arrangement of the megaspores has been observed 
in Aneilema spiratuni. This arrangement of the megaspores has 
been observed so far in more than forty species of Angiosperms 
(Schnarf, 1929). 

In Comnielina stricta, according to Guignard (1882), the 
antipodals are three large cells. But in all the plants studied by the 
writer, the general tendency is towards the early disappearance of 
the antipodals. A feature observed in the post fertilisation embryo- 
sac of Cyan Otis crisfata is the deep penetration by the elongation of 
the narrow antipodal end into the micellar tissue below. So far as 
the writer is aware, this has not been observed before in the Com- 
melinaceae. Among the monocotyledons, the penetration of the 
antipodal extremity of the embryo-sac for purposes of nutrition, is 
recorded among the Gramineae, Liliaceae and Scytamineae (Coulter 
and Chamberlain, 1903), 

(b) Microsporogenesis 

No chromocenters such as those observed by Rau (1930) are 
met with either in Cyanotis axillaris or in Aneilema spiratum. 

A ‘thin Bouquet’ already described by Rau (1930) in the 
microspore mother cell of Cyanotis cristafa, w^as also met with in the 
megaspore mother cell of the same plant. This polarisation of 
leptotene threads has been reported in Osmund a, Tradescantia and 
Runiex (Darlington. 1932). Polarisation has been regarded as an 
adaptation to secure regularity in pairing and the clearest evidence 
of parasynapsis has been found in such cases. 

Among the Commelinaceae, the parasynaptic interpretation of 
chromosome pairing has been given by Miyake (1905) for 
Tradescantia virgim^ Farmer and Shove (1905) on the other 
hand have advocated the telosynaptic view for the same plant and 
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they are supported by Mottier (1907). A clear case, of parasynapsis 
has been described by Ran (1930) in Cyanofis cristafa. The same 
interpretation holds for Cyanofis axillaris and Aneilema spiratimi 
also, though it is not so evident here. Multiple ring formation such 
as is found in the classic case of Oenothera is also met with among 
the C'onimelinaceae in Rhoeo (liscolor where a ring-of-twelve is 
found arranged disjunctionally (Darlington, 1929). Such obser- 
vations have often been taken to be definite proofs of the existence 
of telosynapsis. But recent studies have shown that the individual 
chronuisome is not the unit of homology and thus of pairing in 
such cases. Each chromosome is made up of two portions, and a 
lialf of t>ne chromosome is homologous with the half of the other; 
and in this way a terminalised pairing of homologous segments of 
chrom< ‘Sullies takes [)lace. 



Text-fig. 2, a, h, e. Stages in the germination of the seed of 
Cyanoiis cristaia, ^ d, The^ bulbous haustorial part of the cotyledon dissected 
out from the seedling of Cyanotis crisfata. 


During the diakinesis in Aneilema spiratum, more than the 
regular haploid number of chromosomes are often found. How 
exactly this arises is not clear. It may be due to fragmentation of 
some of the bivalents as in certain species of Tradescanfia 
t Darlington, 1929) or to diakinetic deconjugation as described by 
Ran (1930) in Cyanofis cristafa. 

The achromatic spindle is formed in the multipolar fashion but 
soon becomes bipolar in both the plants studied, and is mostly of 
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cytoplasmic origin. On the other hand. Ran has described an intra- 
nuclear origin of the spindle which is bipolar from the start in 
Cyanotis crisfata. 

Darlington (1932) gives the diploid number of chromosomes 
in Cyanotis ^enonii as sixteen, and in Cyanotis soniaUensis as twenty- 
eight. In Cyanotis cristata the haploid number is fourteen (Ran, 
1930), ])ut in Cyanotis axillaris it is ten. On the view of 
Darlington, these different species of Cyanotis have evolved their 
respective chromosome compiements by such a ‘structural change’ 
as that of fragmentation. 

(c) Periplasmodiiini in the anther 

Tischler (1915) and Stenar (1925) have worked out the 
formation of the Periplasmodium in several Commelinaceous 
plants. The writer has followed its development in Cyanotis 
axillaris^, Aneilema spirafum and Zebrina penthila, in none of 
which, as far as the writer is aware, it had been studied before. 

In the young anthers, the tapetum is at first composed of a 
layer of long, uninucleate cells. As pointed out by Tischler (1915), 
the tapetal cells lose their walls during synizesis in the pollen mother 
cells. The protoplasts thus liberated unite to form a nutrient 
plasmodium, which grows among the microspore mother cells and 
ramifies into the spaces left among them. The first few divisions 
of the nuclei of the tapetal cells are simultaneous and clearly mitotic 
in character, both in Cyanotis axillaris and Zebrina pendula. The 
occurrence of mitosis in the tapetum is not so rare as it was thought 
to be (Cooper, 1933). Tischler (1915) states that the nuclei of 
the perplasmodium of the Commelinaceae undergo changes in form 
and structure. The writer, however, found a rather uniform 
structure and only slight changes in these nuclei throughout. The 
peculiar rodlike bodies figured by Maheshwari and Singh (1934) 
in Commelina benghalensis are not found in the periplasmodium of 
the plants studied by the writer, 

(d) The Embryo 

The development of the embryo in Cyanotis cristata shows 
some important departures from the type usual among the mono- 
cotyledons. The young embryo is merely a spherical mass of cells, 
the suspensor being suppressed. This is the PIstiaAype which is 
characteristic of the Aroideae (Campbell, 1900) (Blodgett, 1923), 
but is also found in the Scitamineae (Humphrey, 1896). Solms- 
Laubach (1878) reported it in the genera Tinnantia and 
Heterachtia. He further stated that in the Dioscoreaceae and some 
Commelinaceae, the cotyledon is lateral in origin rather than 
terminal; the stem-tip is terminal in origin but is later forced to 
one side by the strong growth of the cotyledon from beneath. 
Later on Suessenguth (1921) worked on the embryo of Tradescantia 
myrtifolio, but left the important points at issue unsettled, 
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Worsdell (1916) has drawn attention to the fact that in the 
niajoritv of the monocotyledons, the lamina of the cot3dedon greatly 
overreaches in development that of its sheath. He further states ; 
“In the Dioscoreaceae and Commelinaceae, as Celakovsky points 
out, the state of affairs as described by Solms-Laubach is due to 
tlie fact that the sheath has developed at an earlier stage than, and 
consequently ahead of. the lamina; the. apical portion of the 
eml,)r\’onic thallus has been used up to form the sheath, which 
appears in the tonii of a circular outgrowth ; there is no shoot 
growing point present until a later stage; the lamina arises subse- 
qiientl}' as a lateral outgrowth of the sheath.” These remarks of 
Worsdell offer a good interpretation of the conditions found in the 
clevelo|)ment of the embryo in Cyanotis, It may therefore be 
concluded that in the Commelinaceous embryo, both the cotyledon 
( sheath plus lamina) and the stem-tip are formed from the terminal 
or apical portion alone, the peripheral zone of 'which gives rise to 
the cotA’ledon whereas the central concave part forms the place 
of origin of the stem apex. 


9. Summary 

( a ) Cyanotis cr is lata Schlt. 

1. There is a single hypodernial archesporia! cell which 
functions directl}' as tlie megas|x:)re mother cell. 

2. The chalazal megaspore develops into the eight-nucleate 
enihr 3’0-sac. 

3. The embryo-sac is restricted to an upper domelike- portion 
of the ovule formed by a circular constriction, the micropylar 
collar. 

4. After fertilisation, the antipodal end of the embryo-sac 
elongates and enters considerably down into the micellar tissue. 

(b) Aneilema sprratum R. Br. 

L There is a single archesporial cell which cuts off* a parietal 
cell. The latter divides into two by a vertical wall. 

2. A T-shaped tetrad of megaspores is formed. 

3. The embryo-sac is normal . 

(c) Zehrina pendiila Schn. 

1. (July one parietal cell is cut off Iw the single, h3q3odermal. 
archesporial cell. 

2, The chalazal megaspore forms the embryo-sac. 

Microsporogenesis 

1. A perinuclear zone of fibrillar nature is obseiwed during 
late prophase in Cyanotis a xillarL^ 
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diakinesis in Aneilema spiratum. more than the 
haploid number ot chromosomes are often counted. 

■,.■■ 11 ^' ■ number of chromosomes i.s ten in Cvanoti^' 

a^fans and tvventy in Aneilcna spiratian. -fhese hav^ m 
determined tor the first time. 

4. In the tapetal plasniodium formed in the anthers of 

SSy’sIlg^ ■" 

Male Gametophyte 

a-ntlta of Cyanotis 

ifisiata Schit, contain a tube nucleus and a curved, slender eene- 

anrrThe"'^ spiratum, the tube nucleus disorganises 

and the .sjenerative nucleus is lenticular in shape. 

Fertilisation 

■ Double fertilisation was observed in Cyanotis cristata Schit. 

Embryo of Cyanotis eriatala Schit. 

1. The early embryo is merely a spherical mass of cells, con- 
forming with the Pistia-type. 

.n,vi' ‘1'^ cotyledon and the stem-apex are formed by the 

apical (terminal ) portion alone of the embryo. 

3. The cotyledon forms a complete covering over the ve^e- 
tative point in the mature embryo. ' ^ ’ 

the. radical is d^fiferentiated from the central portion of 

the bi oad proximal end ot the embryo. 

cotvledon^rl”‘lfnir'^‘”“^^‘‘°"' knob-shaped end of the filiform 
o?gim ■ ^ ^^mams embedded in the seed as a haustorial 

Dr M gratitude to 

■ *^„,Sampathkumaran for his able guidance and helpful 
riticism I hanks are due to the Systematic Botanist. Coimbatore 
ed fo"thislS-"^ >dentification of the species of plants seSt 
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Explanation of Plates I and II 

The magnifications of the figures indicated here refer to the 
original drawings, which have been reduced to two-thirds in repro- 
duction, except Figs. 22 and 23 which have been reduced to half. 


Ply ate I 

Figs. 1—-10. Fig. i. Heterotypic anaphase in megaspore mother ceil of 
Cyanotis cristata. X 1800. Fig. 2. Tetrad of megaspores of Cyanoiis 
cristate! . X 1800. Fig. 3. Four-nucleate embryo-sac of Cyanotis cristata. 
X 1200. Fig. 4. Early stage of 8-nucIeate embryo-sac of Cyanotis cristafa. 
X 1800. Fig. 5. Later stage of the same, X 1200. Fig. 6. Tip of pollen 
tube of Cyanotis cristata with male nucleus in spireme condition. X 2700. 
Fig. 7. Syngamy in Cyanoiis cristata. The spireme of male nucleus is still 
seen on one side. X 3600. Fig. 8. T-shaped tetrad of megaspores of 
Aneilema spirat'um. X 1800. Fig. 9. The synergids of Zebrina pendula 
showing the ‘ filiform apparatus X 560. Fig 10. Section of the upper 
portion of the ovule (outer integument not shown) of Cyanotis cristata 
showing the micropylar collar and the embryo-sac after fertilization. X 560, 
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Pirate II 

11-21. Fig 11. Nucleus of microspore mother cell of Cyanotis 
u.viiljris in restitig condition X 3600. Fig. 12. The same, just prior 
tn synizesis. X 3600. Fig. 13. Metaphase of reduction division in 
suine. X 2700, Fig. 14. Polar view of heterotypic metaphase in same 
with ten l 3 ivalents. X 3600. Fig. 15. Anaphase of same. Note lagging 
and bends in univalents. X 3600. Fig. 16. Shedding condition of pollen 
grain of Cyanotis rristafa with rod-shaped generative nucleus. X 1800. 
Fig- 17. Aneileina spirafiim: diakinesis showing more than twenty chro- 
mosomes. X 2700. Fig. 18-^ Polar view of heterotypic metaphase in same, 
showing twenty bivalents of varying sizes. X 3600.. Fig. 19. Shedding 
condition of pollen grain of Aneilema spiratuni with the degenerated tube 
nucleiLs. X 1800. Fig. 20. Mitotic divisions in tapetal plasmodium in 
Cyanotis axiliaris. X 1200. Fig. 21. Tapetai plasmodium in same, later 
stage. X 1200. 
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Introduction 

Some recent advances in niicrotechnique have appreciably 
increased our knowledge of the male gametophyte of Angiosperms 
and several papers have appeared on the subject since the publica- 
tion of Schxarf’s '*Eml)ryologie der Angiospermen” (1929). An 
attempt has been made in the following pages to examine this 
literature^ somewhat critically and to call attention to the places 
where our knowledge is still fragmentary. Another paper 
( Maheshvvari and Wulff, 1S>37) describes the methods that can be 
used for stiid}’iiig the de\-elopment of the male gametophyte. 

In Coulter and Chamberlain’s book (1903) on the 
'Alorphology of Angiosperms,” the chapter on the male gameto- 
phyte begins with the division of the microspore mother cell. We 
now know that the gametophytic stage with the haploid number of 
chromosomes commences after the completion of the reduction 
divisions. This account will therefore start with the microspore, 
which is the first cell of the male gametophyte, and will deal with 
its further history up to the time of discharge of the sperm cells 
in the embryo sac. 

The uui-nucIeate microspore 

The four nuclei, formed after reduction division in the pollen 
mother cell, generally become separated from one another, either 
by furrowing or cell-plate formation, to give rise to an equal 

*The major part of this article was written during niy recent tour over 
Europe (1936-37). I wish to express here my deep sense of gratitude to 
Prof. G. Tischler { Kiel ) for his unfailing kindness and encouragement, and 
to }^Iiss Schafer (John Innes, London), Prof. K. Schnarf (Vienna), Prof. 
H. Winkler (Hanifkifg;), Prof. W. Troll (Halle, a.S.) and Prof. L. Diels 
(Berlin), for unrestricted facilities to use the literature in their respective 
libraries (P. M.). 

1 It is neither possible nor even advisable to include within this short 
space all that has been published on the male gametophyte, but every possible 
care has been exercised to bring together the important morphological and 
cytological works that have appeared since 1929. A number of older papers 
have also been cited, either because of their importance or the necessity of 
making comparisons between old and recent observations. 

" 4 
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iiiiiiiber of microspores, all of which are as a rule functional. The 
Cyperaceae form the only important exception, for here three of 
the haploid nuclei degenerate and only one functions (this is the 
usual condition in the development of the megagametophyte). 
Irregularities in the reduction divisions may of course give more 
or less than the usual number of nuclei. The commonest cause 
for such abnormalities is hybridisation and this condition will not 
be considered further here. 

The nucleus of the young microspore shows a typical resting 
stage, but dehnite information about its duration is lacking except 
in the case of a very few species. Heusser (1915) says that it 
is 2-3 weeks in Hwimitoglossiim hircimmi. In Styrax obassia 
(Manshard, 1936) it is less than a week and in TraSescantia 
refiexa (Sax and Edmonds, 1933) less than four days. In Voyria 
coerulea and Voyrieila pandfloraj Oehler (1927) reports that the 
nucleus never shows a real resting stage. 

Division of the microspore nucleus 

Before the division is to commence, the microspore nucleus 
comes to lie at one end of the cell while the other end is vacuolate 
with only a thin layer of cytoplasm along the walR Goebel (1933) 
thought that the generative cell was always cut off towards the 
outer wall of the tetrad, but the recent work of Geitler (1935) 
shows that it is more often towards the inner side. The examples 
given below will serve to illustrate the range of variations that 
may occur : 

a. Towards outside: Helodea (Wylie, 1904); Vaccmium 
(Samuelson, 1913); Alhizsia (Maheshwari, 1931); 
Acacia (Newman, 1934) ; Asmina (Locke, 1936, 
judging from his figures). 

b. Towards inside: Symplo carpus (Duggar, 1900) ; Xyris. 
indica (Weinzieher, 1914); Tradescantia (Sax and 
Edmonds, 1933); Apocynum cannabinum (Muller, 
1936) ; Erica, Uzmlaria, Narcissus, Bulbine, Gasteria, Aloe, 
Clwia and several other genera of Liliaceous plants in 
which the pollen grains have a single furrow (Geitler, 
1935). 

c. On the radia! wall: Allium (Geitler, 1935). 

d. An^a corner^: Lilium ( Strasburger, 1908); Anthericum, 

CottvaUaria, Ruscus (Geitler, 1935). 


'’Exceptions are reported by Sc ut'RHOFF (1921) in Smnbucus racemosa 
and by Mohrbi tter (1936) itt Strychnos laurina. Here the microspore 
nucleus is reported to divide in the centre of the pollen grain and not near 
the wall. 

2 The particular angle in which the generative cell is cut oif has not been 
deternnned in these .'cases./ 
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Geitler (1935) claims that the spindle has a fixed position in 
the microspore in every species and sometimes the whole genus 
and that this is uninfluenced by the mode of quadripartition of 
the pollen mother cell (‘'simultaneous'’ or "successive”). The place 
of division can of course be most easily (and also with the greatest 
certainty) recognised only in such cases where the pollen grains 
remain together in tetrads, Init even when such is not the case the 
furrows and germ pores often prove to be thoroughly trustworthy 
guides. There must, however, remain a host of cases in which 
the pollen grains round up at a very early stage and it becomes 
impossible to distinguish the outer pole of the pollen grain from 
^he inner (as in Clarkia elegaiis, Geitler, 1937). 

Among the recorded exceptions we may first refer to 
Lagerberg’s statement (1909) on Adoxa moschatelUna in which 
the generative cell is said to be formed on any side of the wall. 
Geitler’s observations (1935) seem to indicate, however, that this 
is really not the case and that the spindle has a constant position in 
this species also. Sax and Husted (1936) report that the polarity 
can be disturbed by external or internal conditions and in Periploca 
sepium the generative "nucleus" may be cut off on any side although 
it is most often on the outer oneh Drahowzal (1936) reports 
that in Acanthiis spinosns the generative cell may be cut off towards 
the outer or the inner wall. Joshi and Venkateswaralu (1936: 
fig. 81) figure a |)eculiar case in Nesaea myrfiflora. Usually the 
pollen grains ripen free from one another in this plant, but one 
case was noted in which they remained together in a tetrad. Of 
the three pollen grains visible in the figure, two show the generative 
cell on the inside and one on the outside! If the figure has been 
correctly drawn"’, it would seem to provide a striking case of an 
important variation occurring in microspores produced from the 
same mother cell. It would be interesting to know if such a con- 
dition is of more general occurrence in Nesaea. 

The metapliasic spindle is usually quite small and one pole is 
adjacent to the wall so that the resulting cells are markedly unequal 
in size. In a few cases like Cotylanthera tenuis (Oehler^ 1927), 
Cuscuta reflexa (Xohri and Nand, 1934) and Uvidaria (Geitler, 
1935) it extends almost through the whole width of the microspore 
but even here the tube and generative cell are unequal. The 
mechanism by which this is brought about is not quite clear. 
Frisendahl (1912) reported that in Myricaria germanica both 
ends of the spindle approximately touch the wall of the microspore 
but later one end contracts inwards. Whether a similar phenome- 

Un many Asclepiadaceae the microspores show abnormal arrangements 
and fail to round up due to mutual pressure. This, as pointed out by the 
authors, accounts for the variations observed in Periploca. 

-’The authors themselves do not cal! any attention to this feature in 
the text, nor state anything about the usual place of division of the micros- 
pore nitclcui. 
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non occurs in other cases like those mentioned above, still remains 
to-.- be iiive.stigated. , , . . - 

It is also to be noted that usually the spindle is asymmetrical 
with one end (that adjacent to the wall of the microspore) more 
blunt than the^ other. Thus, in the anaphase and telophase the 
chromosonies lie more crowded on the pole towards the centre of 
the grain. Exceptions are however present. Thus, in Asclepias 
(Gager, 1902) Anth eric n in (Geitler, 1935) both the poles 

of the spindle are equally blunt and in Adoxa (Lagerberg, 1909) 
both are pointed. 

The phragmoplast also shows some interesting features, for 
during its increase in width the outer fibres are not directed towards 
the veg’etative nucleus ])Ut abruptly towards the wall of the micros- 
pore, thus giving rise to the “lens-shaped'’ generative cell. 

Xo case is known in which the vegetative and generative cells 
are equal in size. In a recent paper on some Chenopodiaceae, 
G. O. Cooper (1935) writes that “the microspore nucleus migrates 
to the periphery of the cell and there divides to form the generative 
and tube nuclei. By means of cell-plate formation midway between 
these two nuclei, two cells of equal size are formed.” The figures, 
however,- clearly show that the cells are unequal and this statement 
is perhaps due to an oversight^*. 

The question whether the formation of a cell-plate in this 
division is also followed by a real cell-wall still remains an open 
one. Usually the generative cell is seen to be separated from the 
vegetative by a clear concave space and if a cell-wall is formed at 
all it must be of a very transitory nature. Finn (1935a, p. 681) 
clearly denies the presence of such a wall : ‘‘'Audi haben wir nie 
eiiie wenn auch nur zeitweilige Bildung einer Scheidewand bei cler 
xUbtreiinung der generativen Zelle im Gegenstaz zu den Angaben 
einiger Autoren beobachtet (siehe z. B. 'Friemann, 1910, 
Wefelscheid 1911)’h 

In all eases, where observations have been carefully conducted, 
a generative cell is clearly seen at least in the earlier stages. Later, 
during its penetration into the vegetative plasm, the nucleus alone 
seems to remain visible and the cytoplasm appears to have been 
‘'‘lost.” It has, however, been shown in many cases that this is 
due to inadequacies of technique rather than an actual absence of 
the generative plasm. To cite a few such instances, Poddubnaja- 
ARNOLDi (1934) reported a naked generative nucleus in I asione 
montaiia, while Safijowska (1935) later demonstrated that it is 

‘dll exceptional cases equal cells (Oliver, 1891; Fedortschuk. 1931 ; 
:MoiiHurrrER. 1936)_^or equal nuclei (Ov£RTOn,, 1891; S.wrjowsKA, 1935; Sax 
and Elmoxus, 1935) may arise in this first division. Febqrtschuk and 
AloHRBrTiKR observed, in Cuscutu epithymuiii and Strychnos suits 
respectively, that a gvmerative mickus was formed afterwards in one of 
the two daughter cells formed in this wajv 
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a cell. t^EDORTSCiii'K (1931) rejxjrted that in Cusciita nionogyna 
the cytoplasm of the generati\'e cell quickly disappears and only 
the nucleus is left, while Finn and Safijowska (_1933) showed 
that the generative plasm persists even up to the formation of the 
male cells. Gurgeno\\ a (1928 ) speaks of male nuclei in Orobanche 
(Pliclipaeaj raiiiosa, while Finn and Rudenko (1930) could 
trace male cells up to their discharge into the enibr\'o sac (_compare 
also \\'ui.FF, H133, p. 25-26 ), In a recert paper Finn { ISGSa, 
p. 681) writes: ‘*Auf Grund der in unserem Lal)()ratorium 
ausgefnhrten Arlieiten kann ich liestatigen, dass 1)ei alien Angio- 
s])ermen aligesonderte generative Zellen vorkommen. Allerdings 
hezieht sich das ntir auf die Fade, wo die Entwicklung des 
mannlichen Gametophyten normal verlauft und wo sich befrtich- 
tungstahige Spermieii bilden.'’ Wulff and Ljndschai: (1936) 
have also ex|)ressed a similar ojiinioiA. 

Structure of the generative nucleus and plasm 

As a rule tliere is a difference lietween the relative sizes of 
the generati\’e and vegetative nuclei from the very lieginning and 
the former can be recognised easily by its smaller size. There is 
no doubt that lioth receive an equal amount of chromatin, but as 
Geitler (1933) |)oints out, the generative nucleus receives a 
smaller quaiitit\- of karyolymph. That it stains more deeply than 
the vegetative nucleus (even with Feulgenj may be due to this as 
well as the fact that it generally does not have a true resting stage. 

Another long known difference in staining reaction. Le., the 
cyanopliil}' of the generati\’e nucleus and the erythrophil}^ of the 
vegetative — may likewise depend on certain physico-chemical 
changes in chromatin which occur during the mitotic cycle rather 
than on the “sex" of the nuclei as was thought earlier. 

The differences in the generative and vegetative plasms are 
also quite noteworthy in several cases, as evidenced by the use of 
cyaiiin and erythrosin, Flemming's triple stain Pianeze and even 
HAiDENHiXiN's iroii-haematoxyliii. Sometimes the generative 
plasm does not stain at all, and Tschernojarow (1926) has good 
reasons to believe that: “Diese Standhaftigkeit in Bezug auf 
Farbung verdient ein besonderes Interesse, da ohne Zweifel die 
Eigenschaften eines .solchen Cytoplasmas sich stark von denjeiiigen 
des gewdhnlichen unterscheidenA Wulff (1933) regarded this 
lack of staining capacity of the generative plasm as a sign of its 
beginning to disintegrate, 

PiECH (1924a) expressed the view that the generative plasm 
consists only of proteids and does not contain any osmotically active 
substance. This seems to be incorrect in view of the fact that a 
vacuome has now been demonstrated in the generative and. sperm 

' See also the recent paper by Suita (1937a) who reports the presence 
of a “droplets-sheatlr” around the generative nucleus of several monocotyledons. 
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cells of many monocotyledons: Hctenianthus Kathartnae (Woycicki, 
1926), Clizna nobUis,^ Hippeastriim hylrridiwi, Sprekelia formosis- 
shna^'Scilla bifolia, Scilla amoena, Eiicharis amazonica, Galanthus 
nivalis and others (Wulff, 1933). 

Among other inclusions in the generative plasm the discovery 
of chloroplasts in Liipinus luteus, Narcissus incomparabilis, and 
Croats venms (Ruhland and Wetzel, 1924) and plastids in 
Liiiuui candid inn (Guilliermond, 1920, 1924) and Gagea lutea 
(Krupko, 1926) is specially noteworthy. Finn (1925, 1926, 
1928) saw niimerous minute bodies in the plasm of the generative 
and sperm cells of Asclepias, Vinca and Vincetoxicum but could 
not decide whether they were extra-nuclear chromatin granules or 
plastids or some other products. Rudenko (1930) noted similar 
bodies in the generative cell of Lathraea squainaria which become 
scattered all over the spindle when the cell divides and he thinks 
it likely that they are of chromatic origin. The occurrence of 
mitochondria in the generative plasm is suggested by Guilliermond 
(1920, 1924), Krupko (1926) and Anderson’s figures (1936) of 
Hyacinthus orientalis. It may be remarked that the last-named 
author speaks of male ‘hiuclei,” while his figures as well as descrip- 
tion show that there are cells. 

This leads us on to the question of the occurrence of centro- 
somes in the male gametophyte of Angiosperms. Guignard (1891), 
ScHAFFNER (1896, 1897) and some other authors figured them in 
various stages of garnet ogenesis of certain Angiosperms but 
Koernicke (1906) and most later workers have definitely denied 
their occurrence. Miss Welsford (1914), in two species of 
Lilium, and Miss West (1930) in Viola Rwiniana, speak of some 
small deeply staining bodies, that suggested comparison with 
blepharoplasts but make no definite statement on the point. The 
claim that centrosomes occur in Angiosperms has been renewed 
by Feng (1932, 1934) who reports their presence in Lonicera and 
draws a number of figures to illustrate his point. It is, however, 
more likely that they are merely precipitations in vacuoles 
(Eichhorn, 1933) or some other bodies that have been accidentally 
transported to the poles. In her recent paper on the mechanism of 
mitosis in the pollen-tube of Tulipa Miss Upcott (1936) speaks 
of ■ *centrosome repulsion’' -without giving any evidence in her 
figures to prove that centrosomes really exist either in the divisions 
in the pollen grain or pollen tube. It seems that she has used this 
badly chosen expression only to indicate that there are some forces 
supposed to act from the poles of the spindle upon the chromosomes. 

Division of the generative cell in the pollen grain 

The division of the generative cell usually occurs after its 
migration into the vegetative plasm. Sharp (1934, fig. 125) shows 
the dividing cell near the wall of the pollen grain which is, in our 
opinion, not the typical condition, 
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The nuclear division itself shows nothing* that is essentially 
different from normal mitosis. In most cases the spindle appears 
to be intranuclear and in others it seems that both the nucleus and 
the cytoplasm take part in its formation (Gager, 1902; Wylie^ 
1904; Lagerberg, 1909; Piech, 1924b, 1928; Finn, 1925; and 
others ) . 

As regards cytokinesis, W'clff (1933, pp. 39-40) gives a 
short review of the previous observations and concludes that it is 
accomplished l>y means of a constriction (furrow) and that 
phragmopiasts and cell -plates are ephemeral structures without any 
special function (cf. West, 1930 on riola Rvvinunia, and others). 
On the other hand, G. O. Cooper (1935, 1936), D. C. Cooper 
(1935 ) and others have recently stressed the older \'ie\v that the 
division is |)erfectly typical and a cell-plate is formed in the 
normal way across the mid-region of the spindle. \\ ork of more 
com[)rehensive and comparati\’e nature, than has l)een done hitherto, 
is necessary to elucidate this question. 


Shedding stage of pollen 

The pollen grains are shed at the 2- or 3-celled stage. It is 
difficult to say which of the two conditions is the more common 
one. I'here are more records, it is true, of liinucleate pollen but 
there are good reasons to believe that several of these are incorrect 
and l3aseci on material that was not sufficiently mature at the time 
of fixation. In some plants l)Oth conditions occur (see list by 
Dahlgren, 1916), To these may be added some others like Iris 
'versicolor ( Sawyer, 1917), Elatine friandra (Frisendahl, 1927), 
Dionaea ninscipida (Smith, 1929), Viola Riviniana (West, 1930X, 
Circaeasfer agrestis (Junell, 1931), Digera arvensis (Puri and 
Singh. 1935) and Sfellaria media ( Joshi, 1936). 

Wunderlich (1936) observed three-celled pollen -grains in 
some Liliaceous plants, which as a general rules possess two-celled 
pollen grains, but she does not make definite statements how this 
exceptional condition has arisen. As early as 1888, Strasburger 
showed that in Chlorophytiun Sternhergianum a change in environ- 
mental conditions could cause the division of the generative cell 
to take place even in the pollen grain although it usually divides 
later in the pollen tube. Wulff (1934a), who found 2- as well 
as 3-celled pollen grains in Impatiens parzn flora expressed the view 
that the latter occur in older anthers. Heitz and Resende (1936), 
on the other hand, were unable to find any 3-celled pollen grains 
even in older flowers but observed that the generative cell divided 
(due to artificial conditions) in pollen grains that had been kept 
on films of sugar-agar for germination. Poddubnaja-arnolbi 
(1936) is similarly inclined to believe that the three-nucleate pollen 
grains which she observed in some of her cultures are also due to the 
infltience of outer conditions. 
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In Visfian albiiin (ScwuRnoFF, 1922) the^ division of the 
g'Ciiercitive nucleus is reported to occur while it is still inside the 
IMlIeii g-rain, although the pollen tube has come out from one side. 
Fixx 1,1928) found that in Vinca minor the pollen grains are 
generally three-celled at the time of shedding but in one case the 
generative cell was observed to divide on the stigma. In Holoptelea 
hitcurifolia ( Capoor. 1937) the pollen grains are two-celled at 
the time of shedding but some three-celled ones were seen on 
the stigma. The author concludes that here the division occurs 
on the moist nutritive surface of the stigma and as a parallel cites 
cases like those of Juni perns, Citpressus and Taxus in which the 
first division of the microspore takes place on the nucellus before 
tlie growing out of the pollen tube. 

More than three nuclei are seen only rarely and among such 
abnormalities the reported occurrence of a “prothallial celh’ is 
especially interesting. Chamberlain (1897) was the first to report 
such a case in Lilinni tigrbium in which sometimes a small cell is 
cut off before the formation of the tube and generative nuclei. 
Smith (1898) in Eichhornia crassipes, Campbell (1899) in 

Sparganiiaii simplex, Woycicki (1911) in Yucca recurva and 
Fedortschuk (1931) in Cuscuta epithyimnn reported similar 
abnormalities. Some authors have objected to the use of the term 
“prothallial cell” for such cases, but recently Billings (1934) saw 
it in a considerable num])er of pollen grains of Afriplex hynienelytra 
and he does not think it improbable that an Angiosperm would now 
and then be found exhibiting an atavistic tendency of this kind. 
In another member of the Centrospermales, Stellaria media, P. C. 
JosHi (1936) has seen a four-nucleate pollen grain and he con- 
siders this fourth and smallest nucleus as homologous to the 
prothallial cell of xifriplex. 

Here we may also refer to the large embryo sac-like pollen 
grains found by Nemec (1898) in the petaloid anthers of Hyacin- 
thus orientalis. Stow (1930) has been able to induce their 
formation in normal anthers by varying the experimental conditions. 
Usual! V they have a group of three cells at each end with two 
nuclei t using in the centre, but some were found to have only four 
nuclei (an “egg,” one “antipodal cell” and two ‘‘polar nuclei”) and 
others with sixteen nuclei (an “egg apparatus'” of 5-10 cells, 1-2 
‘polar nuclei'’ and 4-5 “antipodal cells” ) . In a later paper (wStow, 
1933 ) the same author shows that these “'pollen-embryo’ sacs” 
simulate true em])ryo sacs not only in their development and 
stTucture but also show some real female tendencies of a physiolo- 
gical nature. One case was actually noted in which a pollen tube 
emerging from a normal grain of another garden variety had coiled 
round a pollen-emliryo sac and even discharged a sperm nucleus 
into the ^ latter. In still another case the “fusion nucleus” had 
<h\ided into sixteen nuclei. Which seems to be tile consequence 
Its having been "‘fertilized’Tby a male nucte^ 



GAMETOPHVTE OP ANGIOSFERMS 


125 


|)oint is not certain. Recently NaitHzVNI (1937) has also found 
that in the anthers from bulbs of Hyacinlhus orientaUs \air. “Yellow 
Hammer;” specially treated by breeders for early flowering, the 
microspore nuclei undergo three successive divisions producing 
embrAai sac-like pollen grains. 

Division of tlie generative cell in the pollen tube 

d'he division of tlie generative cell, when it occurs in the 
pollen tube, , is attended ])y some peculiarities which are evidently 
due to spatial conditions, /.e.. the narrowness of the tube. 

.\t tile time of its entry into the tube, the generative nucleus 
is in most plants already in a state of prophase. When the pollen 
tube is com])aratively Itroad (no matter whether the observations 
are made on artificial!}- grown tubes, or on anthers of cleistogamous 
flowers where germination occurs in situ, or on stylar sections ) 
the meta|)hase seems to jiroceed normally ; the chromosomes are 
arranged in an equatorial })late and spindle fibres are also visible 
( (JU^^a:n\ARI). 1891, on Lilimn niartagon; Lagerberg, 1909, on 
riola spec.; Herrig. 1922, on Lilium candichini : Frisendahl. 
1927, on Elathie triandra; Madge, 1929, on Violg od ora ia var. 
praeco.r; Rudenko, 1930, on Latliraea squauiaria ; YrKANKOwsKv, 
1931, and Wiuvff, 1933, on Hcinerocallis flam: Rudenko, 1933, 
on Ferbascuiii lychnitis; Wulff, 1935, on Narfheciuni ossifragifni ; 
13. C. Cooper, 1936, on Liliuin regale, L. auratum and L. philips 
pinense: Madge, 1936, on Hedychium Gardneriauitm) . In 
Elaeagniis angustifolia Fuchs (1936) saw a normal equatorial plate 
l)iit no spindle fil)res. MRunderlich (1937 ) also reports absence of 
spindle fibres in artificially grown pollen tubes of Muscari race- 
rnosurn and M, comosum. 

In cases where the tubes are t-ery narrow, spindle fibres are 
generally absent and instead of a regular metaphase we have a 
“pseudo-equatorial plate” (see Wulff, 1935). Such cases where 
the anaphasic separation of the chromosomes is accompli shed even 
in the absence of the spindle fibres lend support to the view that 
the chromosomes ha\'e an independent power of movement. In 
cultures of pollen tiil)es of N emophila insignis, Wulff and 
Raghavan (1937) find that the division of the generative nucleus 
is highly irregular, for the daughter chromosomes fail to pass to 
the twv") poles and a restitution nucleus is formed. 

In Narfheciuin ossifragttm (Wulff/ 1935) pollen tubes 
studied from stylar sections failed to reveal a spindle, while those 
grown in culture showed it quite clearly. This is eAudentiy related 
to the Avidth of the tubes which is much greater in the latter case. 

Wuth regard to the mechanism of cell-division it may be . stated 
that in most cases neither phragmoplasts nor cell-plates have been 
seen (Acomruin Osteew alder, 1898; Martagon, 

L. auratum, Welsford, 1914; Echeveria Desmetiana, Herrig, 
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1919; Haemcmthits Kafharime, Woycicki, 1926; Scrophularia 
■nodosa, S, da 67, Rudenko, 1929; Orobanche spp., Finn and 

Rudenko, 1930; Convallaria majalis, Trankowsky, 1931; Lilium 
regale, O’Mara, 1933; Impatiens Holstii, Lilium Martagon, L. 

candidum, Hemerocallis flava, Wulff, 1933; Jasione montana, 
Campanula persicifolia, C\ roHindifolia, C, patula, C. sei^icaria, 
Safijowska, 1935). In a few cases phragmoplasts were seen, but 
no cell-plate appears to have been formed (Elafine triandra, 
Friesendahl, 1927; Viola odoraia var. praecox, Madge, 1929; 
Verbascuui Lychnitis, Linaria vulgaris, Gratiola officinalis, 
Rudenko, 1933; Hedychium Gardneriamivi, Madge, 1936). It 

seems, therefore, that in all these plants cytokinesis occurs by 

means of a constriction. 


Koernicke (1906) and Strasburger (1908), both working- 
on Lilium Marfagon, stated that a cell-plate is formed in rare cases 
Imt is very transitory. On the other hand, Guignard (1891, 
Lilium Martagon), Modilewski (1918, Neottia Nuhis-avis), 
Herrig (1922, Lilium candidum), Rudenko (1930, Lafhraea 
squamaria), D. C. Cooper (1936, Lilium regale, L. auratum, L. 
philippinense ) , and Upcott (1936, Tulipa spp.) believe that it is 
the cell-plate which brings about the division of the generative cell 
into the two male cells. Fuchs (1936), working on Elaeagnus 
angustifolia did not actually see either phragmoplasts or cell-plates 
but l)elieves that the division occurs by this method. 


Movement of the generative cell ami sperm 
cells or nuclei 

There are, in our opinion, good reasons to believe that the 
division of the generative cell in the pollen tube generally occurs 
by a process of furrowing® and that further investigations are 
necessary to decide whether the phragmoplasts or cell-plates 
observed in a few cases really lead to the division of the plasm or 
they are merely transitory appearances. 

The male gametes of most organisms are capable of active 
movement and therefore it is of great theoretical interest to know 
if the generative and sperm cells of Angiosperms also have such a 
power or they are merely carried along passively by the streaming 
movements of the vegetative cytoplasm. 

The question may be ^considered in three phases ; (1) the 
movement’ of the generative cell from its original position near 
the wall of the pollen grain towards its interior; (2) its passage 
through the pollen tube; and (3) last of all the movement of the 
male gametes in the embr>’'o sac after the pollen tube has discharged 
its contents. 


Baxerji and Gangulee (1937) have recently reported cytokonesis bv 
urrowing in the ^?enerative cell of Bichhoriucf crussipes. 
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(1) Duggar (1900), Gager (1902), Murbeck ( 19G2) and 
Lagerberg (1909), and others thought that the penetration of 
the generative cell into the vegetative cytoplasm ( when both are 
still within the pollen grain) depended on the activity of the latter, 
while Strasburger (1908, p. 526-527j expressed the opposite 
view and stated that this action implied an independent movement 
of the generative cell itself. Friemann (1910) and Wefelscheid 
(1911) took up an intermediate position and thought that the 
movement was due to a joint action on the part of both. The 
position may be best summarized in the words of Dahlgren 
(1916): ‘‘Die Frage zur annahernd sicheren Entscheidung zu 
briiigen, ist natiirlich kaum moglich. da die bisherigen Untersuchu- 
ngen nur an toten Zellen gemacht wurden.” It may, however, be 
said that nothing has so far been found to disprove Strasburger’ s 
view; indeed FIakansson (1924) has once again stated that the 
generative cell seems to be the more active of the two and some 
other authors have implied the same although admittedly without 
giving a very close attention to the question. 

(2) Coming now to the passage of the generative cell and the 
male gametes in the pollen tube, no serious objection was raised for a 
long time against Strasburger’s view (1^4, 1900, 1948) that 
this was accomplished passively by the streaming movements of 
the vegetative plasm within the tube. Woycicki (1926) showed 
that the generative and sperm cells of some monocotyledons have 
a vacuome which readily stains with neutral red and therefore 
their passage can be followed with ease in cultures of living pollen 
tubes. \^"uLFF (1933 ) used this method and found nothing to show 
that the streaming in the vegetative plasm had anything to do with 
the transport of the male cells. That the generative cell (and 
later the sperm cells produced from it) usually takes up almost 
the entire diameter of the tube and that the, latter has several fine 
plasma streams running not in the same but in opposite directions 
to each other, make it impossible to avoid the conclusion that the 
steady passage of the nuclei towards the tip is clue to their own 
motility, independent of the streaming. 

Among other workers who have accepted an active movement 
on the part of the male gametes, based on observations of fixed 
material, may first be mentioned the name of Miss Welsford 
(1914). In her work, on Viola Rknniana West (1930) argues 
that “the form of the whole male cell certainly indicates motility.” 
More recently, Safijowska (1935) and Fuchs (1936) have also 
expressed similar opinions. 

Neither WuLFF (1933) nor Fuchs (1936) have however, 
called attention to still another source which lends considerable 
support to this view. In an article entitled “Beziehungen zwischen 
Zellteilung und Zelltatigkeit“ Peter (1930) has brought forth 
evidence to show that “Mitose und Zellfunktion hemmen einander ; 
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cine ill Mitose beiiuclliche Zelle arbeitet nicht.’' We should there- 
fore ex|)ect, that during the time the generative cell is occupied 
witli tlie tedious process of dividing to form the two male gametes, 
it would stop its movement and lie in a comparatively quiescent 
state. Such is actually the case as observed by Wulff (1933) in 
luiiHiiieus Holstii and Fuchs (1936) in Elaeagnus augustifoUa. 
'file generative cell ceases to move during the late prophase, meta- 
l-liase and early anaphase and lies in contact with the wall of the 
jioilen Atiss Fuchs (1936) saw this with special clearness 

in Elaeagnus, where a “ Plasmaschwanz” attaches it to the wall, 
'['owards tlie close of the anaphase, it resumes its passage down 
the tulte ! 

In a very recent paper Mrs. Poddubnaja-arnoldi (1936) 
lias, liowever, raised some objections against this view, which appear 
at the first sight to be of considerable importance. She made 
culiures of pollen tubes of several plants and studied the effect of 
different doses of X-rays upon them. As a result of this treatment 
tlie nuclei were found to lie unable to divide and she infers that 
the}' were dead. Nevertheless they continued their downward 
|)assage into the tube and from this it is concluded that they must 
lia\'e lieen transported passively by the streaming plasm of the 
tulie. W’e must here state that Mrs. Poddubnaja-arnoldi only 
demonstrated the inability of the nuclei to divide (after X-ray 
treatment) and not their death. It is quite probable that they 
continued to live even after they were unable to divide^. 

( 3 ) \Miile pollen tubes can be easily grown in culture and 
their living contents kept under observation for several hours, 
this is hardly possible with embryo sacs, since the ovules have 
usually to be fixed and sectioned before the contents of the embryo 
sac can be made visil)le. Some embryo sacs can, however, be 
studied without sectioning while they are still alive, and Monotropa 
seems to be a specially favourable object. Strasburger (19GG) 
who studied M. hypopitys thought that the passage of the male 
nuclei towards the egg cell and the polar nuclei was accomplished 
passively. Shibata {1S102) investigated another species of the same 
genus. M. uni flora, but uses a more guarded language: Ob die 
Spermakerne eine selbstanclige Beweglichkeit besitzen oder iiiciitj bleibt 
uoch cine Sache der Diskussion „ . . Die gekrummte Gestalt cler 
Spermakern kann ebensowohl ak plastisches Nachgeben, als hvie 
ein Zeichen activer Bewegimg gedeutet werden.” 

.\fter this no further observations appear to have been made 
on Hying embryo sacs to elucidate this question, but in view of 
the frec[uently curved or“worm-l}ke^b form of the nuclei many 
authors have expressed themselves against StrasbUrger’s view. 
Among them we may specially cite N*awasch in (1909), who 

■' As pointed out recently by Suita (19376), Mrs. Poddubnaja-Arnoldfs 
statenients seem to lead to the condusion that the nuclei ar for 

Pie life of the pollen tube! This is obvibusly quite 
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repeatedly speaks of the motility of the sperm nuclei. There are 
of course many instances where the sperm nuclei are round or 
oval and their shape does not give any suggestion of motility. 
NAVvAscinx ('1897> and Nawa.schin and Fixx (1912) in 
Jnglans and 'hscii ernojarow (T926 ) in Myosiirus : min'unus 
obseiA’ed that at the time of their entrance into the embryo sac the 
sperm nuclei have a common sheath of generative cyto|:)]asm. out 
of which they later slip out (“ausschlupfen” ) and then take part 
in fertilizatioiT^t This act of freeing themselves from the genera- 
ti\’e plasm is in the words of Tschernojarow, “nicht ohne aktive 
Bewegung \-on ihrer wSeite,” and similar conclusions are made by 
(duJCRGENOW A ( 1928 j . 

Taking everything into consideration w'e ha\'e good reasons 
to support the view expressed by A\"ei.sford. Ishikawa. West, 
W’uLFF. Safijowska arid Fuchs in favour of an acti\'e movement 
of the generative and the sperm cells in the pollen tul)e. The 
works of IktHiLiOFF-PREissER (191 7) and \’alkanov (1934) show 
that cell nuclei in general have the power of autonomous move- 
ment and we should certainly expect this also in the case of the 
male nuclei in the emliryo sac of the .\ngios[)erms. 


The vegetative nucleus 

As the vegetative nucleus is larger than the generative and is 
in a tyjiical resting stage, it generally stains less deeply than the 
latter, esjiecially when Haematox\'lin is used. In some cases it 
stains e\‘en more feeldy than the cytoplasm of the pollen grain and 
this has led to the question of its supposed degeneration and lack of 
signiiicance for the growth of the pollen tulie. As early as 1879, 
Elfvixg thought that in Hypertcujn calycinuni it degenerated before 
the germination of the pollen grain. Since then Schniewini)- 
THIES f ISlOl ), Shattuck (IS^OS ). Frusendahl (1912), Dahlgren 
(1916), Finx (1928), Poddubnaja-arxoldi (1927, 1933, 1936), 
Sax and Edmoxds (1933), Sax (193vS) and several other authors 
have reported a similar condition in a number of plants investigated 
by them. 

It may, liowever, lie olijected that the invisibility of the 
\'egetative nucleus may not be due to its actual disappearance but 
to its lack of affinity for the commonly used stains. Wulf.f (1933) 
showed for instance that wdien the Feulgen method was employed 
the vegetative nucleus could be seen in several plants in which it 
was otherwise on the verge of invisibility. The whole question 

^0 Fig. 48 of Gorczyxski’s (1929) paper on Oxalis acetosella 
indicates that the male nuclei may free themselves from their plasm even 
in the pollen tube. It would be interesting to know whether this 
behaviour is the rule or an exception (See also Miss Sava'ER, 1917, on 
Iris versicolor : “The male nuclei may leave the generative cytoplasm, and 
were seen free in the tube’’). It is quite probable that such appearances 
are artefacts caused by inadequacies of technique. 
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deserves a more careful study before we would be justified in 
concluding that it plays no active role in the growth of the pollen 
tube.^^ 

A division of the vegetative nucleus has been recorded in 
several plants; especially interesting are the observations of Sax 
( 1935) in Tradescaniia, where a clivision could be induced by an 
increase of temperature. Statements on a “'fragmentation” of the 
tube nucleus must, however, be accepted only with reservation 
since its irregular outline and week stainability (combined with 
the lack of uniformity with which the different regions respond 
to the commonly used stains) has often led to erroneous conclu- 
sions. To cite one instance, Herrig (1922) reported a fragmenta- 
tion of the vegetative nucleus in Lilmiii candid um, while Wulff 
( 1933 j found that this was really not the case at all. 

The male gametes in the embryo sac 

In general the sperm cells (or nuclei) are round or oval at 
the time of their discharge into the embryo sac but various excep- 
tions have been noted and at least in the Ciompositae the filamentous 
or spirally curved form seems to be the more frequent one. 

Although several investigators have seen the sperms organized 
as definite cells up to the time of their discharge into the embryo 
sact‘^, no one has definitely succeeded in demonstrating that the 
male plasm actually enters the egg., In his paper on Vallisneria 
spiralis, Wylie (1923, p. 196) writes: “It seems certain, however, 
that some or all of the sperm cytoplasm would enter the egg with 
the male nucleus.” Finn (1935b) also says: ''Obgleich es nicht 
gelungen ist, den Prozess des Eindringens in die Eizelle bei 
Asclepias cornuti als solchen zu beobachten, so muss man, nach 
dem Zustand ihres Plasmas im Embryosack zu urteilen, die Teil- 
nahme des mannlichen Plasmas an der Befruchtung bei dieser 
Pflanze als sehr wahrscheinlich annehmen.” In Butomopsis 
Imiceolata, Johri (1936) could trace the male gametes as cells up 
to the time of their discharge in the embryo sac but did not succeed 
in observing the penetration of the male cytoplasm into the egg. 

ft is true that certain phenomena in heredity speak in favour 
of the idea that the male plasm also enters into the fusion, but this 

nSuiTA (1937/’) has made a thorough study of the development of the 
pollen in Crinum and finds that even after using Feulgen’s method the 
vegetative nucleus stains only faintly. He believes therefore that it is a 
degenerate element, 

^ FJ The painstaking observations of Finn and his collaborators at Kiew 
(U.S.S.R. ) are specially important in this connection and the series of papers 
puolished from this laboratory have demonstrated the presence of sperm cells 
in many cases where only ?2Zfr/^i \yere reported formerly. We think it likely 
that generative and sperm will be found to be of general occurrence in 
Angiosperms and in such families as the Compositae where only male nuclei 
(except by )klKRRKLL, 1900), have been report^ tih now, the film of plasma 
around them is so thin as to have escaped notice. 
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has not yet been cytogically demonstrated. KiyohaRxI (1935) has 
recently called attention to- the possibility of even the vegetative 
plasm taking part in fertilization, and reports that in Oenothera 
tetrapiera the spindle-shaped starch grains of the pollen tube enter 
the egg cell and can be traced even up to the four-celled embryo. ■ 

A few observers have called attention to a difference in size 
between the two sperm nuclei discharged from one pollen tube. 
Thus, Blackman and Welsi^ord (1913) on Liliuiii, Sawyer 
(1917) on Iris versicolor, Hoare (1934) on S cilia sibirica, and 
Newman (1934) on Acacia Bailey ana report that the male nucleus 
fusing with the polars is somewhat larger in size than the one 
which fertilizes the egg. Nawaschin (1927) and Gurgenowa 
(1928) stated that the nucleus destined to fertilize the egg stains 
less intensively than the other. Persidsky (1926) writes of 
Orobanche cuinana and 0. rarnosa “der die Eizelle befruchtende 
mannliche Kern ist niach Gestalt tmd Grosse anders geartet, als 
derjenige, welcher sich mit den Polkernen vereinigt. Der erste 
mannliche Kern ist halbkugelformig und grbsser als der letzte. der 
eine ovale Form hat.” In Lafhraea sqnainaria (Rudenko, 1930) 
the nucleus that fuses with the egg is spherical while the other is 
more elliptical. 

Finn (1928) reports that in Pine a minor even the sperm 
cells are unequal, one with a longer ‘Tlasmaschwanz'’ than the 
other. 


Systematic Conclusions 

ScHURHOFF (1926) was probably the first to attribute a 
s\cstematic significance to the number of nuclei in the mature pollen 
grain and expressed the opinion that two-celled pollen grains are 
to be found in the more primitive families and three-celled in the 
more advanced ones. The fact that she succeeded in varying the 
number of nuclei from 2 to 3 by altering the external conditions 
has led Poddubnaja-arnoldi (1936) to express a different 
opinion. 

The presence of a clearly distinguishable sheath of cytoplasm 
round the generative nucleus and later the male nuclei as 
well as their general shape are quite characteristic of certain 
families. Wunderlich (1936) has recently made use of the 
structure of the generative cell to elucidate the relationships of 
certain genera of the Liliaceae, 

Finn (T928b) reports that in Fag us silvatica the pollen tube 
is repeatedly branched and resembles a fungus mycelium. The fact 
that this is known to be the case in many other plants of the 
‘'Amentiferae'' seems to indicate that even the behaviour of the 
pollen tube is not without some systematic value in narrow circles 
of affinity. It is obvious, however, that the male gametophyte is 
only one of the clues for taxonomic evaluation. ^A more detailed 
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discussion of this question will be found in a forthcoming i)aper 

by Prof. K. Schnarf, dealing with the value of the embryological 

work in taxonomy. 
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INVESTIGATIONS ON ORANGE ROT 
IN STORAGE 

L Orange rot due to two strains of Fusarium 
moniliforme Sheldon 

BY 

P. N. Ghatak,m,sc., ph.D.( Lend.), d.lc. 
Department of Botany, Calcutta University 

Communicated hy G. T-\ Majurndar 
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Calcutta,, in winter, gets an abundant supply of oranges 
{Citrus chrysocarpa Lush) (7) commonly known as Kamald in 
Bengal from Darjeeling and neighbouring areas, Assam parti ciilarl}" 
Sylhet and Khasi Hills and Nagpur in the Central Provinces. The 
fruits are usually packed in baskets or in wooden boxes and 
transported by train or steamer to Calcutta. large proportion of 
the fruits are found to be damaged by different types of rots due 
to moulds during transit and subsequent storage in Calcutta and 
consequently the dealers suffer a certain amount of loss every year. 

During an investigation on such rots the writer came across a 
particular type caused by two strains of Fusariimi moniliforme 
Sheldon. Strain Ai was found on Darjeeling and strain A 2 on 
Assam oranges. In this paper an attempt has been made to give an 
account of the symptoms on the fruits brought about by these 
fungi, their morphological characters and also their position in 
relation to the host tissue. Further work is in progress to find out 
the exact conditions which favour this rot and also some suitable 
means of its control. Results of these investigations will be 
published in a subsequent paper. Both the fungi were identified to 
be Fusarium momliforme Sheldon, which were verified from 
Centraalbureau Voor Schimmelculture, Baarn, Holland. 

Examination of Darjeeling and Assam oranges, opened imme" 
diately after arrival, showed some of them developing white patches 
siirroiinded by water soaked areas near the stem end or on other 
parts. Small semipliable and light brown areas were observed in 
certain cases. In more advanced stages of rotting the white portion 
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extended further and the water soaked region also occupied a bigger 
area and turned dark brown (PI. 1 A & B). The whole fruit later 
on developed a soft rot and turned into a pulpy mass (PL 1 C). 
Several consignments were examined during the winter from 
November to January and the number, of fruits developing such 
rots varied from 10 to 20% or sometimes more in Darjeeling and 
Assam varieties whereas the Nagpur oranges were almost free 
from it. 

Fruits with moulds or water soaked area alone were collected 
from different consignments and brought to the laboratory in 
sterile containers. On ])eing kept for further observation, the highly 
infected ones specially those with well developed white patch vcere 
found to disintegrate in 2 to 3 days' time and that was always 
associated with exudation of a liquid with bad odour. The less 
infected fruits with brown spots alone, developed white areas in a 
day or two. Rotting proceeded in the same way as was observed 
in the highly infected ones. Microscopic examination of the rotted 
portion from the interior showed fungal hyphae permeating the 
host cells and the white patches on the surface of the rind containing 
innumerable conidia. 


Isolation and Culture 

Isolations from infected fruits of both localities were made. 
Surface sterilisation was effected by washing with a saturated 
solution of borax, steeping in *01% mercuric chloride solution for 
5 minutes and finally washing in sterile distilled water (T). A slit 
was made a little away from the periphery with a flamed scalpel 
and a little bit of the host .tissue quickly transferred to petridishes 
containing Glucose Asparagin medium. Conidia also were taken 
from the surface of the rind and cultured in the same way as before. 

When pure cultures were obtained, several sub-cultures were 
made on different vStock media. Growing mycelium and conidia 
formations were examined in situ on Coon’s medium which seemed 
most suitable for its relative transparency. 

To study the external morphology, dilute cotton blue was 
used which stained the cytoplasm leaving the walls unstained. 

Morphology of the Fungi 

Both the fungi have similar morphological characters (9) with 
slight variations in cultural features. The mycelium is widely 
spreading, floccose and white in colour in the primary stage, gradu- 
ally changing into salmon pink. The hyphae are much branched, 
septate and narrow with a thickness of 6-8, w (Fig. 1/-). The growth 
of the mycelium in strain Ai is more vigorous than in A 2 . Two 
types of conidia are found. The macro conidia are 3-4 septate 
(Fig. 3/-), falcate with two ends tapering, occurring in a bunch on 
a short conidiophore. The average size of the macro conidia is 
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25// — 80// in length. The micro conidia is more al.)undant and is 
formed on branched conidiophores (Fig. 1). They are ovoid, 
moniliform and 6-10// in length. Though the proportion of micro- 
conidia is much higher than that of macro-conidia in both the strains, 
in strain Ai however percentage of macro-conidia is much higher 
than that in A 2 . 



Fig. 1. a, Hyphae, Ik microconidiophore with microcoiitdia. Xd25. 
Fig. 2. Microconidia. Xd25. 

Fig. 3. Macroconidia. Xd25. 


Inoculation 

In order to establish their pathogenicity and also to test 
whether these strains of Fusarium isolated from rotten oranges 
were responsible for bringing about complete rot, a series of 
inoculations were made with pure cultures of the fungi on healthy 
oranges of different ages. Before such inoculations, precautions 
were taken to keep the surface of the fruit in aseptic condition by 
treating with 0*01% mercuric chloride and washing several times 
with sterile distilled water. The fruits were then kept in large 
petridishes lined with wet blotting paper previously sterilised. 

Two series of inoculations were made \yith each fungus. In 
the “injured series,’’ wounds of different magnitude were cut on 
fresh ripe oranges and inoculated with hyphae and conidia. In 
certain cases conidia in suspension were sprayed on the surface of 
the fruits particularly on the .stem end with wounds. Both the 
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methods were successful in bringing about infection. In everyone 
of these inoculations where the fungi were introduced through 
wounds, the rot was successfully induced and it increased with the 
size and depth of the injury. - The 3)athogeiis on re-isolations were 
found to be the same with which the fruits were inoculated. 

In the “uninjured series", hyphae and conidia were put on the 
Lininjiu'ed rind but in no case the fungi could penetrate the outer 
skin and produce any rot. In certain cases a small amount of 
culture medium was put along wdth the fungus but no infection 
followed. Mycelium grew so- long as the medium lasted Init later 
on dried up. 

Inoculation experiments were carried out with green oranges 
as well. A marked difference in susceptibility was observed in the 
primary stages of infection. They were attacked but the progress 
was very slow to start with. It took comparatively longer period 
tor the fungi to appecir with their fructifications on the surface of 
the fruits. The ripe fruit on the other hand were quickly attacked 
and the progress of rotting was very fast. Perhaps this variation 
in susceptibility might be due to the diff'erence in acid and sugar 
contents of the fruits of different ages. The growth of these fungi 
is being studied in synthetic media with diff'erent concentrations of 
acid and various combinations of sugars commonly present in 
oranges, the result of which Avill be published in another paper. 

In order to test their power of infection on oranges of different 
localities, cross inoculations were done, rCvSidts of which are given 
in a tabular form below: 


Fun- 

gus 

Oranges of 
different 
localities 

No. of 
oranges 
inoculated 

No. of 

oranges 

infected 

Remarks 


Darjeeling .. 

10 

10 

V'igorous infection. 

Ai 

Assam 

10 

10 

Very vigorous infection. 


Nagpur .. 

■ I 

10 1 

2 

! 1 

\’'ery slight infection and 
in many cases nil. 


■ '~“i 

Darjeeling .. 

10 

3 

V ery mild infection. 

A.2 

Assam 

10 

10 ! 

Vigorous infection. 


Nagpur 

10 

Nil. 

Nil.,' 


The above table proves that strain Ai is more virulent than 
As as regards their power of infection is concerned. The former 
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can infect i\ssam and Darjeeling varieties and in certain cases 
Nagpur as well, but the progress of decay in the last case is very 
slow and often checked after a short period. Strain A 2 on the 
other hand causes decay of Assam and Darjeeling oranges but does 
not infect Nagpur varieties. 

Course of fungal hyphae in relation to host tissue 

Inoculation experiments proved beyond doubt that the fungi 
causing such soft rots wei*e wound parasites. After its entrance 
into the host tissue the mycelium travelled across the whole thick- 
ness of the rind and ramified abundantly on the inner side adjoin- 
ing the juice vesicles (Fig. 4). Hyphae attacked the cells 



Fig; 4. Section of the decaying orange rind. A. oil vesicle; B. filaments 
of the fungus ramifying within the tissues.’ Xl^3. 


surrounding the oil glands and they were found to be both intra 
and intercellular (S). No special absorbing organs were noticed. 
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Deconiposition of the host tissue started from within and a clear 
case of killing in advance of penetration was observed in every 
case. This was perhaps the reason why the softening of the tissue 
was much ahead of the advancement of the hyphae. Such killing 
and decomposition were due to pectinase enzyme secreted by the 
invading hyphae. The enzyme was extracted from fresh cultures 
of the fungi and their action studied by injecting into fresh oranges. 
Disintegration of the injected tissue followed quickly in a few hours 
but the controls injected with distilled water alone showed no signs 
of deca}'. In the final stage the i)athogens produced conidia on the 
surface of the fruits. 


Discussion and Conclusion 

Stevenson (6) mentioned a pink stylar end rot associated with 
Fusariiim in addition to the brown or black one due to Alternaria, 
While making an investigation of decay in Citrus fruits from 
California in 1924 Fawcett (3) isolated Fusarimn occasionally, 
especially from decayed lemon fruits that had been picked for a 
long time. 

Strains of Fusarium identified as F. oxysporuin, F. fructF 
genum, F. lateratimn were isolated from a pliable leathery type of 
stem end rot of Citrus fruits in California. 

Fiisarium hiteratium Nees was found causing a minor decay on 
oranges in Italy and wSicily. 

Fusarium rot has been reported in California, Texas, Puerto 
Rico, Lesser Antillis, Italy, Cyprus, Palestine, Tunisia, Algeria, 
South Africa, Southern Rhodesia, Kenya Colony, New South 
Wales, Western Australia, Japan, China and Brazil (4). 

In India little had been done on Citrus fruit rot until recent 
years. Chaudhuri (2) in Northern India found Citrus fruit rot 
due to Colletrotrickum gloeosporioides. In Central (8) and South 
India Citrus fruit rots were found to be due to Phytophthora 
pahnivora which causes a brown rot. 

The present investigation shows that the Darjeeling and Assam 
oranges are susceptible to Fusarium rot. The two strains showed 
marked difference in their parasitic activities. By cross inoculation 
it has been found out that strain Ai is more virulent than As hence 
they have been classified into two different physiologic forms. 

The infecting fungi, though they may differ, in certain 
characters, are both wound parasites. None of them' could infect 
a healthy fx*uit unless there was a wmund present either at the stem 
end or on the rind. Inoculations by spraying or putting the 
pathogens along with a certain amount of culture medium : failed 
to induce infection on an uninjured rind. 
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As regards the wastage caused 1)\' these tuiigi. the Assail i 
oranges showed the highest percentage. . Strain A 2 though com- 
paratively less virulent, was potent enough to cause serious damage 
to Assam varieties. Strain Ai infected both Darjeeling and Assam 
oranges but it was more virulent in the latter. The Nagpur oranges 
practically suffered no loss due to strain A 2 . Infection was induced 
with A;i but the percentage was comparatively smaller and the 
progress of decay very slow. 


Summary 

1. Oranges sold in Calcutta market in winter are damaged 
by different types of rots due to fungi. Two strains of Fusarium 
mcmUifonne Sheldon are found to be responsible for causing a soft 
rot on a large number of these fruits. 

2. Oranges from Darjeeling and Assam suffer more from this 
rot, whei'eas the Nagpur variety is almost free from it. Strain Ai 
was isolated from Darjeeling and A 2 from Assam oranges. 

3. The disease appears as a small semipliable water soaked 
area on the rind with light brown colour and later on with white 
patches in the centre. In the final stage the whole surface is 
covered with white incrustations and the fruit turns into a pulpy 
mass., 

4. Both strains have similar morphological features with 
slight variations in cultural characters. The growth of the mycelium 
in strain Ai is more vigorous than in A 2 . The average size of the 
macro and micro conidia varies in length from 25-80/i and 6-10, « 
respectively. The proportion of micro conidia is much higher 
than that of macro conidia in both the strains but in strain Ai the 
percentage of macro conidia is much higher than that in A 2 . 

5. That the fungi are strictly wound parasites were proved 
by inoculation experiments, 

6. Cross inoculations show’'ed strain Ai. to be more virulent. 
It could infect Assam or Darjeeling oranges readily and in certain 
cases Nagpur variety as well. Strain A 2 could infect only Assam 
oranges vigorously. It was less virulent on Darjeeling variety, and 
Nagpur oranges were practically immune to it. 

7. It is for their difference in pathogenicity mainly that the 
fungi have been classified into two physiologic forms. 

8. The fungal hyphae entering into the host tissue ramify in 
the inner side of the rind adjoining the juice vesicles. Rotting 
starts from within and conidia appear finally as white incrustations’ 
on the surface of the fruit 
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ISOELECTRIC POINT OF THE PROTEINS OF 
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The cotton is an important economic crop in the Boml)ay 
Presidency where it is grown on a large area. It has, therefore 
])een a subject of intensive stud\’ with the Agricultural IJepartmeiil 
from different points of view. These studies have alread}’ yielded 
results of practical value. The object of this investigation is not 
economic but academic. It is also not attempted, at present, to 
correlate the physiological property of the plant with some external 
feature of its growdh as done by Hawkins and his colleagues (19vI4 ) 
who have shown that osmotic pressures and percentage sheddings 
of bolls are correlated. It is intended to study the physico-chemical 
nature of the tissues of the cotton plant so as to obtain an insight 
into the modes of functioning. 

A plant tissue is an aggregate of biological colloids of 
protein nature, and the intake of ions and water depends on the 
physical properties of the colloids. It is, therefore, of paramount 
importance that before we attempt to understand the entry of water 
and salts in the plant tissues it is necessary to know something of 
the substances on whose physical properties the entry of water and 
salts very much depends. It is this knowledge that will give us 
true insight into the water and the salt requirements of the plants 
and the l)est conditions necessary in which they Ijccome availal)le 
to the [>lants. For the important crop plant like the cotton tlie 
need for such a ])iochemical study need not Ije too strongl}- 
emphasised. 

It was, therefore, considered of importance to study some 
important physico-chemical properties of the tissues of the roots, 
stem, leaves and bolls of the crop plant like the cotton platit, namely, 
the hydrogen ion concentration and the isoelectric point of the. 
proteins. No such study has been attempted before in the case of 
the cotton plant growdiig in India. 

The cotton plant is not cultivated in the Konkaii and it was 
therefore not advisable to work on these aspects of physiology of the 
cotton plant grown in Bombay. In order to get relia]3le data it was 
necessary to study the cotton plant in the normal place of cultivation. 

■ 'b',' ■ 
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It was, therefore, necessaiw to carry on this investigation with the 
plants grown at some place other than Bombay, or its suburbs. 
After a careful consideration of the several districts in which the 
cotton is cultivated Surat district was selected for the purpose, it 
l)eing a place nearest Bombay. The existence of the Government 
x\griciiltural Farm at Athwa Lines was another consideration for 
carrying on the investigations at Surat. The Deputy Director of 
Agriculture, Surat, kindly provided facilities for the work, and a 
field-area containing about 400 plants of the commonly grown 
variety 1027 A.L.F. of G, lierhaceum cotton was placed at our 
disposal. 

Methods 

As the cell sap of the tissues of the cotton plant is below pH 7, 
the quinhydrone electrode (Leeds and Northrup type 7701) was 
used in preference to hydrogen electrode for determining the pH 
of the sap. The voltage of solutions was measured by Poggenderf’s 
compensation method with a ])ortaIjle potentiometer (Cambridge 
Instrument Co.). The apparatus was tested every week before 
taking a reading with two standard buffer solutions (1) N/20 
Sodium Borate and (2) universal buffer mixtui*e powder of 
B.D.H. 

Plants were dug but every week at about 6 a.m. (before sun- 
rise). The roots were thoroughly washed first with tap water and 
then with distilled water. The sap was extracted separately from 
the different parts of the plant by the method of Ingalls and Shive 
(1931). 15 CCS. of sap was obtained at each extraction and diluted 

to 30 CCS. It was saturated with a little quinhydrone so as to leave 
some of it undissolved. The sap was then used for the pH 
determination. 

The determinations of isoelectric points were made according 
to the method of Pearsall and Ewing (1926). Though this method 
is not accurate it is adopted in al)sence of any other method which 
can ])e applied to plant tissues. Equal volumes of roots, stems and 
leaves were used for each determination. All determinations were 
made in triplicates, and mean of the three was taken. Burettes, 
pipettes and weights were standardised before use. Distilled water 
free from carbon dioxide was used. vSeeds were sown on the 20th 
June, 1934. The pH and the I.E.P. of the proteins of the tissues 
of the roots, stems of the vegetative and the fruiting branches, of 
the leaves of the vegetative and fruiting branches, of the unshed 
bolls and bolls were determined. 

All the apparatus for these determinations were taken from 
the Botany Department of the Royal Institute of Science, Bombay, 
with the kind permission of the Principal, to Surat and they 
were fitted up in a small room adjoining the fields in the 
Farm area with no little difficulty. It was after great labour 
and time that the delica^^ pieces of the apparatus were 
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properly adjusted for work. The large quantities of distilled water 
required for work were obtained from the Royal Jnstitute of 
Science, Bombay, at regular intervals, as no distilled water in large 
quantities is available in Surat. This was found to l>e the cheapest 
way of getting distilled water. 

It was necessary to keep the records of the changes in the 
weather factors during the development of the cotton plant as they 
may be useful in interpreting the results obtained in this investi- 
gation. The daily records of humidity, temperature and rain -fall 
are kept at Agricultural Farm, and so these records were obtained 
from the Farm. 

The percentage of humidity is higher at night than during tlie 
day. During the period from June to Septemlxu* the humidity is 
very high, and becomes low during the rest of the period except 
when it rains. So during vegetative phase the cotton plant is 
growing under very humid conditions while during the reproducti\'e 
phase it is living under less humid conditions. 

The maximum temperatures (averages) fluctuate between 
82 °F. and 96 °F. So the cotton plant is not exposed to very high 
temperatures (averages) (although the individual maximum 
temperature may go as high as 103^F.). The minimum tempe- 
ratures (fortnightly averages) fluctuate between 56 °F. and 8DF. 
So the range of variation is greater in this case. 

During the vegetative phase of the plant tlie rainfall is heavy 
wdiile during the reproductive phase very little rain falls except in 
the month of November, which is not a usual occurrence. The 
last showers generally fall in October. 

The study of the weather data shows that the cotton plant in 
its vegetative phase is exposed to moist conditions with adequate 
rainfall and high humidities and more or less uniform temperatures 
during the day, fluctuating within very narrow limits. During the 
reproductive phase tlie reverse is the case. The plant is exposed to 
low and very varying conditions of humidity and ver\' wide varia- 
tions of tem|)erature during the day. It is possible that the first 
set of conditions is favoural,)le for the vegetative growtli and the 
second set of conditions fur the reproductive growth. Any unusual 
variations in these two sets of conditions may adversely atfect the 
growtli of the plant. 

As far as the weather conditions that prevailed during the 
])eri()d of this investigation tlicy were normal except for the rains 
in the first week of Novemlier. As there was very little rain in 
Octolier the showers in November had a favourable effect on the 
growth of the plant. 

The changes in the pH value of the roots 

When the seeds germinate the pH value of the sa[> of tlie roots 
is near the neutral point but the sap becomes more and more acidic 
as the growth of the seedlings proceeds. This rise in acidity may 
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be due to the formation of acidic substances in the decomposition 
of the reserve products or in the regeneration of proteins. In 
August the pH value of the sap is very low. Later the cell sap of 
the roots becomes again less and less acidic as indicated by the rise 
in the pH value till October, when once again the pH value shows a 
fall. At the end of December and in January the sap becomes less 
and less acid and reaches a value of pH 6*44. The sap 
then again becomes acidic till the lowest pH value is reached in 
March when the plant s activity terminates. Thus the pH values 
of the sap show rise and fall in acidity five times during the life 
cycle of the plant (1) Increase in acidity from July to August 
(2) Decrease in acidity from September to October (3) Increase 
in acidity in November and upto the middle of December (4) 
Decrease in acidity in Decembex*- January (5) Final increase in 
acidity till the plant I'eaches its stage of senescence (Fig. 1). 


Changes in the pH value of the vegetative branches 

The changes in the pH value of the vegetative branches are 
similar to those olxtained in the case of the ])H of the sap of the 
roots except that the rise and fall in the pH of the stem are ob- 
seiwed a week or ten days later than in the case of the roots. The 
changes in the pH of the roots precede the changes in the pFI of 
the stem. The sap of the stem also shows fall and rise in the pH 
five times during the season (Fig. 1). 

Changes in the pH values of the fruiting stems (branches) 

It was considered of interest to deteiiiiine the pH value of the 
sap of the fiuiiting stems to study if any diffei*ences exist in the 
reaction of the sap Ixetween the vegetative and fi’uiting stems 
(Fig. 1). The fruiting stems were taken from September for these 
determinations. It was found that the changes in the pH of the 
sap of the fruiting stems do not differ fi*om the corresponding 
changes in the pH of the vegetative branches. The pH values of 
the fruiting branches are lower than the pH values of the sap of 
the vegetative branches except in the last stages of gi'owth. 

The changes in the pH of the leaf (vegetative branch) 

The acidity of the cell sap inci*eases upto the middle of July. 
Afterwards the acidity shows no rise or fall for a month aiid a 
half. The acidity of the sap of the leaves deci'eases from Septem- 
ber and it continues to decrease till January, when the cell sap 
becomes almost neuti'al in i*eaction. Then there is again a sudden 
increase in acidity as in the case of roots and branches when the 
plant reaches its senescent stage. No depression in the pH value 
(increase in acidity) is noticed in December as was the case in the 
pH of the stem and roots (Fig. 1). 
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The changes in the pH of the leaf (fruiting branch) 

The pH of the sap of the leaves from the fruiting branches is 
also determined separately but no differences in the fluctuations of 
the pH of the sap of the leaves of the fruiting branches as com- 
pared with the pH of the sap of leaves from the vegetative branches 
are noticed (Fig. 1), 

The pH values of the roots, stem and leaves 

During the early stages of growth the pH of the sap of the 
ro(jts is highest, that of the sap of the stem medium, and that of 
the sap of the leaves lowest indicating a fall in the pH from the 
roots towards the leaves. The sap of the leaves is more acidic than 
that of the stem and the roots, and the sap of the stem is more 
acidic than that of the roots. These relations between the pH 
values of the roots, stem and leaves are noticed till November. 
During the later stages of growth, from November onwards the 
sap of the leaves is less acidic than that of either the roots or stem 
and in March the pH of the saps of all organs of the plant is the 
same. 

The sap of the branches is more acidic than the sap of the 
roots till November lutt later on these relations are not maintained. 

The changes in the pH of the fruiting branch, 
fruiting-branch-leaf and bolls 

The pH of the sap of the leaves of the fruiting branches, is, 
except in the beginning, constantly higher than that of the branch 
itself. The sap of the fruiting branches is more acidic than that 
of the leaves. This is a remarkable feature for in the case of the 
leaves of the vegetative l:)ranches these relations are in a reversed 
order as the sap of the leaves is more acidic than that of the stem. 
In the case of the unshed bolls the sap is more acidic than that of 
the stems (branches). There is no significant dift'erence between 
the pH values of the shed and unshed bolls (Fig. 1). 

The pH value of the sap of the tissues of the roots, stems 
(branches) and leaves of the whole plant reaches its maximum 
during the intense flowering period as well as in the successful 
boiling period in December-January. The cell sap at that period 
is the least acidic. The rise in the pH value is abrupt and steep. 
How this .sudden rise in the pH is correlated to the intense flower- 
ing period or the successful boiling period is difficult to say. 

Isoelectric point of the proteins of the roots, 
stems (branches) and leaves 

The results of the isoelectric point of the proteins of the roots 
show wide fluctuations. Such changes in the values of the pH of 
the isoelectric point' of a protein are not expected. It is extremely 
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unlikely that the isoelectric point of the protein of an organ of a plant 
would change. But it is possible that the apparent isoelectric point of a 
protein might change if the salt concentration of the tissue is altered 
and therefore these differences in the isoelectric points of the 
proteins of the roots are not due to changes in the gross chemical 
composition of the proteins but are due to the alteration in the ionic 
concentration of the tissues of the roots. It is therefore more 
accurate to term these values of the isoelectric point of the proteins 
as the values of apparent isoelectric point. It is quite probable that 
the ionic concentration of the tissues of the roots may vary from 
week to week and from one part of the root to the other and there- 
fore the apparent isoelectric point of the tissue mav also varv 
(Fig. 2). 

As the results stand the value of the apparent isoelectric point 
of the roots in the earlier stages of growth is less than that of the 
apparent isoelectric point of the roots in the later stages of growth. 
The chlorine ions diffuse more rapidly during the earlier stages of 
the growth of the roots than in the later stages. Therefore the 
tissues of the roots are more electro-positive in the earlier stages 
than in the later stages of growth (Fig, 2). 

In the case of the stems (vegetative and fruiting branches) 
the values of the isoelectric points do not show such wide \ariations 
as in case of the roots. As in case of the roots, the values for 
the apparent isoelectric point of the stems are higliest at the 
termination of the plant’s activity and there is not much difference 
l)etween the pH of the isoelectric points of tlie roots and stems. 

In the case of the leaves the apparent isoelectric points of the . 
leaves show small diftei*ences and the values rise towards the end 
of the growth cycle (Fig. 2). In the month of March the isoelectric 
[)oint is the same in the roots, stems and the leaves. 

During the vegetative growth period the proteins of the tissues 
of the roots and stems and leaves are more electro-positive than 
during flowering and successful boiling stage. When the fruiting 
activity terminates the proteins of the tissues of the roots, stems 
and leaves reach their true isoelectric point on account of the 
protoplasmic hysteresis. Thus the true isoelectric point of the 
proteins of the cotton plant is probably somewhere between 5*2 
and 5 ‘3. In the case of the roots that value of the isoelectric point 
is obtained earlier than in the stems and leaves. 

If 5*2 to 5*3 be taken as the true isoelectric point of the plant, 
the roots and stem are distinctly more electro-positive during the 
whole life of the plant, than the leaf as in the latter the value of 
the isoelectric point goes beyond 5-3 in the month of February. 
Probably on account of this reason the proteins of the roots allow 
water more readily to diffuse into stem and the stem allows water 
more readily to diffuse towards the leaves. 
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The lower values of the apparent isoelectric point of the root 
as compared with those of the apparent isoelectric point of the 
stem and leaf indicate that the chlorine ions (anions) are allowed 
to diffuse more readily through the roots, than through the stem 
or leaves and for this reason it is surmised that the proteins of the 
roots are more electro-positive than those of the stems and leaves. 

The changes in the charge on the proteins of the tissues of the 
roots, stem and leaves are although important, the reaction of the 
medium of the cells of the tissues in which the proteins are placed 
is a still more important factor, as the combining power of the 
prottins with the basic and the acidic ions depends also on the 
hydrogen ion concentration of the solution in which they are 
placed. If the hydrogen ion concentration of the medium is the 
same as the pH of the isoelectric point of the proteins the latter 
lose their amphoteric properties and will neither act as bases nor 
acids. An ampholyte placed in a weak buffer mixture changes 
towards greater alkalinity according to the reaction of these buffer 
mixtures which are more acidic than the isoelectric point, and 
changes towards greater acidity according to the reaction of those 
Imffer mixtures that are more alkaline than the isoelectric point. 
This is because the ampholyte acts as an acid in solutions more 
alkaline than the isoelectric point and as an alkali in solutions that 
are more acidic than the isoelectric point. At the isoelectric point 
the reaction of the solution in which the ampholyte is placed 
remains unchanged. 

In view of these known ways of the behaviour of the proteins 
it would be interesting to study the results of the isoelectric point 
of the proteins of the roots, stem and leaves of the cotton plant 
in relation to tlie hydrogen ion concentration of the solutions in 
which they are placed. The pH value determination of the cell 
sap of the roots, stem and leaves gives an adequate and reliable 
information about the medium in which the proteins are placed and 
therefore it is possible to infer the physical behaviour of the proteins 
of the roots, stem and leaves of the cotton plant during the different 
stages of its growth. 

It was stated above that the reaction of the solution in which 
the ampholyte is placed remains unchanged at the isoelectric point 
of the ampholyte. It is also known that the proteins are at their 
isoelectric point when the protoplasmic hysteresis takes place. This 
has been found to be the case in the rice plant by Dastur and 
Kalyani (1934) that at the termination of the activity of the tissues 
the proteins are at their isoelectric point. Now in this investigation 
the isoelectric point of the ampholytes of the tissues of the cotton 
plant lies between 5 *2-5*3. This is the value when the plant tissues 
reach the end of their functional activities in March. The pH value 
of the cell sap of the tissues of the same organs of the cotton plant 
is 5*5 (average value) in the month of March. This value is very 
near the value of the isoelectric point of the tissues. Thus the 


158 


R, H. DASTUR and S. V, MENSINKAI 


investigations support the conclusions arrived at about the physical 
properties of the proteins in in-vitro experiments that at the 
isoelectric point the reaction solution remains unchanged and the 
pH of the solution is near the isoelectric point of the proteins. 
Thus the termination of the functional activity is accompanied by 
the inactivation of the ampholytes as the latter lose their amphoteric 
nature among other physical properties. 

Now taking the roots separately the apparent isoelectric point 
of the roots on 26th August is 4*42. If the true isoelectric point 
of the proteins is 5-25, evidently the proteins are positively charged. 
Secondly the pH value of the cell sap is 5*83 on the same date 
when the plants are 64 days old. If the values of the pH of 
younger plants are studied the cell sap is still less acidic (pH 6*21- 
6*05). So the proteins of the roots are in an alkaline medium and 
will naturally behave as acids. As the}^" behave as acids, they 
combine with bases more readily than with acids. As they combine 
with bases they render the solution in which they are placed more 
and more acid. This has been actually found to be the case as the 
sap of the roots increases in acidity (pH falls) from 10 days^ stage 
upto 70 (64) days’ stage of the plant. As the reaction of the cell 
sap is rendered more acidic than before, the proteins begin to 
combine more rapidly with the acids rather than with the bases 
and there is a rise in the pH value of the sap. Thus the behaviour 
of the proteins is again very much towards the alkaline side of the 
isoelectric point. The same process is again repeated and the pH 
of the cell sap falls once more to rise again in January when the 
plants are 192 days old. In February there is a fall in the pH 
value till the pH of the sap is brought nearer to the isoelectric point 
in March. Thus the periodic fall and rise in the pH the 

increase and decrease in the acidity) of the cell sap can be explained. 

Conclusions 

The pH of the cell sap of the tissues of the roots, stem and 
vegetative branches does not remain constant during the life time 
of the plant. An increase and decrease in acidity of the sap occurs 
during the growth of the plant. In the case of the fruiting branches 
similar behaviour is noticed while in the case of the leaf-tissue-fluids 
there is a regular decrease in acidity. The root sap is less acid than 
that of the stem while the stem sap is less acid than that of the leaf 
upto 31st October. The sap of the bolls is more acid than that of 
the leaves of the fruiting branches. 

The determinations of the isoelectric points of the proteins of 
the tissues of different organs show that the apparent isoelectric 
points of those tissues are slightly lower than the true isoelectric 
point. The difference in the apparent isoelectric point and the 
true isoelectric point may be very likely due to the changes in the 
salt concentration of the tissues. As the values of the apparent 
isoelectric point are lower than the values of the true isoelectric 
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point, it indicates that the diffusion of anions, the chlorine ions, 
occurs less rapidly than it should. It means the proteins are electro- 
positive, ie.j they carry the positive charge. 

The proteins of the roots, stem and leaves are placed in the 
alkaline medium as the pH of the tissue-fluids is on the alkaline 
side of the isoelectric point. Therefore they act as acids and 
combine with bases. In the case of the roots and stem the alternate 
rise and fall in the pH value of the cell sap can be correlated to the 
])ehaviour of the proteins. When the proteins combine more 
readily with the bases than with the acids, the acidity of the sap 
is increased. When the acidity of the sap is increased the 
behaviour of the proteins is also altered and they now combine more 
readily with the acids than before. It is these variations in the 
charge carried by the proteins that make possible the migration 
of different ions within the body of the plant. It may also be 
responsible for the al)sorption of ])oth positively and negatively 
charged ions. 

At the termination of the plant's activity the proteins reach 
their isoelectric point; that is they are no longer active and they 
lose their combining power. This investigation has shown that 
when the tissues become inactive, their proteins are at the isoelectric 
point. It is very likely that proteins lose their physical properties 
when the tissues become inactive, very probably due to the 
coagulation of protoplasm. 

Summary 

There is an alternate increase and decrease in acidity of the sap 
of roots and stem taking place five times during the season. In the 
case of the leaves after the first increase in acidity there is a regular 
decrease in acidity till the last stage when the plant shows signs 
of drying up. A big fall in the acidity of the sap occurs during the 
intense flowering period. 

The proteins of the tissues of the plants are on the alkaline 
side of the isoelectric point during the entire growing period of the 
plant. The proteins are positively charged. As the reaction of the 
sap changes during the growth, the positive charge on the proteins 
increases or decreases. Thus the number of protein anions and 
cations changes as the pH value changes and z'ice versa. These 
variations in the charge of the proteins may be responsible for the 
absorption of the positively and negatively charged ions as at one 
time proteins conibine more readily with bases than the acids and at 
other times less readily with bases than with acids. 
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The literature on the Lobeliaceae and the allied family 
Campanulaceae has been reviewed by Schurhoif (1926) and Schnarf 
(1929, 1931) and recently in a previous paper by the present 
author (1935). A paper by Rosen (1932) which had escaped 
notice previously may however be mentioned here. In this paper 
a number of plants belonging to the Campanulaceae and a few 
species of Lobelia have been dealt with and the modes of endosperm 
formation and the separation of haustoria are described at length, 
in addition to the recording of the chromosome numbers in the 
plants studied. 

The iu'eseiit paper deals with Lobelia nicotianac folia Heyne 
and includes a survey of the more important stages of meiosis in 
the microspore mother cells, ganietogenesis and embryogeny. The 
chromosome number is reported here for the species for the first 
time. 


Material and Methods 

Lobelia nicoiianaefolia Heyne is a tall herb reaching a height 
of six to seven feet and bearing large leaves and a dense terminal 
raceme of conspicuous flowers. The material was collected along 
the banks of a small stream at Koppa, Mysore State, during 
October 1936 and fixed in Bouin’s killing fluid. The sections were 
cut from 10/( to 14/^ and stained in Heidenhain’s iron-alum 
haematoxylin. 

Meiosis in the Microspore Mother Cells 

. The reticulum of the mother cell nucleus resolves itself into 
a number of pachytene threads which are made up of two 
longitudinal units (Plate L Fig. 1). Armand (1921) states that 
the threads are undivided longitudinally in the preparations of the. 
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nuclear cavity in all directions (Plate IV, Fig. 2) and each thread 
very soon begins to form a number of twists all along its length to 
establish the chiasmata (Plate IV, Fig. 3). The chiasmata are 
gradually reduced in number to a minimum and are finally 
terminalised when the bivalent chromosomes are formed. The 
chromosomes are extremely condensed and stain deeply. With the 
disappearance of the nuclear membrane and the formation of the 
spindle fibres, the chromosomes are separated and drawn to the 
poles of the spindle (Plate IV, Fig. 5). 

During the second division in the mother cells, there is a 
prominent zone of large densely staining granules between the two 
spindles (Plate IV, Fig. 6). The separation of the microspores 
takes place by advancing peripheral furrows (Plate IV, Fig. 7). 
The microspores acquire the characteristic two layered thick wall 
and become spherical to form the pollen grains. 

The pollen grain nucleus divides while the grains are still 
within the anther loculus. At the time of dehiscence of the anther, 
cacli grain has a large tube nucleus and two small male cells 
(Plate IV, Fig. 8). 

During the study of meiosis in the microspore mother cells, 
the number of bivalent chromosomes was determined to be fourteen 
(Plate IV, Fig. 4). Armand (1912) mentions that the haploid 
number of chromosomes is eight in the species that he studied. 

Megasporogenesis 

The two-carpelled inferior ovary has a central placenta which 
forms a number of lobes l)earing the innumerable anatropous 
ovules (Fig. 1 ). Each ovule arises on the placenta as a nucellar 



Text fig. 1. Longitudinal section of the ovary to show the lobes of 
the placenta beai'ing the innumerable anatropous ovules. 
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primordium, and at quite an early period of its growth, forms a 
ring of cells which becomes the single integument. There is a 
single large hypodermal cell at the tip of the nucellus (Plate IV, 
Fig. 9). This functions directly as the meg^aspore mother cell and 
after undergoing two successive divisions gives rise to the linear 
tetrad of megaspores. The chalazal megaspore enlarges in size 
and forms the embryo-sac (Plate IV, Fig. 10). Sometimes the 
micropylar niegaspore develops into the embryo-sac instead of 
the usual chalazal one (Plate IV, Fig. 11). 

Soon after the disorganisation of the upper thi'ee megaspores 
of the linear tetrad, the nucellar cells which form a single investing 
layer at the region of the growing embryo-sac begin to break down 
(Plate IV, Fig. 12 and Plate V, Fig. 13). As a result of this, the 
innermost layer of the integument which becomes conspicuous on 
account of regularl};^ arranged tabular cells with rich contents comes 
in direct contact with the sides of the embryo-sac and forms the 
integumentary tapetum. The tapetum is the chief source of nutri- 
tion for the embryo-sac during its period of formation and growth. 
Its function as a nutritive jacket ceases with the formation of the 
micropylar and chalazal haustoria after fertilisation and in the 
mature seed, it persists as a layer of thick walled cells to give 
additional protection to the developing embryo. 

The surviving niegaspore of the linear tetrad gives rise to the 
typical eight-nucleate embryo-sac (Plate IV, Brig. 12 and Plate V, 
Frigs. 13-17). The synergids are organised very early and in the 
fully developed embryo-sac become extremely long with a tapering 
anterior end and a broad vacuolate posterior end. The antipodals 
are formed into definite cells with the lower ends pointing and are 
fairly conspicuous for a time, after which they disorganise (Plate V, 
Frigs. 16, 17). The two polar nuclei which migrate to the centre 
of the embryo-sac are usually pressed against each other on coining 
into contact and when the egg is ready for syngamy, fuse to form 
a large fusion nucleus (Plate V, Figs. 15-17). A similar condition 
is also observed in Lobelia trigona (Kausik, 1935) and 
L. syphilitica (Ward, 1880), but in L. erinus, L. urens and 
L, Dortinanna, the two polars merely lie close together according 
to Arniand (1912). 

The behaviour of the antipodal end of the embryo-sac in 
L. ;iL(9ria;/aefn//*a Heyne deserves special mention. At the time of 
the commencement of the formation of the eight nucleate embryo- 
sac (Plate V, Fig. 14), it begins to grow past the antipodals as a 
small process penetrating through the mass of the rich chalazal 
cells which are nutritive in function and acts as a haustorial organ 
for the developing embryo-sac (Plate V, Figs. 16, 17). The anti- 
podal cells with their pointed lower ends also seem to take part 
in the conduction of the material thus obtained by the antipodal 
process of the sac. The chalazal tissue is however not completely 
destroyed by the antipodal process, because most of it persists and 
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later when the embryo develops and with the fonnatioii of a pro- 
iiiineiit chalazal haustorium, it constitutes an important nutritive 
tissue in the ovule. 

Endosperm and Hanstoria 

The endosperm is cellular from the beginning and is formed 
soon after fertilisation. When it is fully formed, it completely 
occupies the distended embryo-sac which fills the entire cavity of 
the seed within the integument. In the two terminal regions of 
the embryo-sac the endosperm forms two prominent liaustoria, the 
micropylar and the chalazal, which are important organs for the 
absorption of nutrition from the micropylar and chalazal nutritive 
tissues respectively. 

The micropylar haustorium is very large and consists of two 
eiongated cells, each with a single large nucleus (Plate V, P''ig. 18). 
The haustorium stains very deeply on account of its rich contents 
al)sorI)ed from the nutritive cells situated in the integument at the 
region of the micropyle. 

The chalazal haustorium is also equally conspicuous and 
consists vsimilarly of two uninucleate cells (Idate V, Fig. 19). The 
haustorium penetrates through the chalazal nutritive tissue whose 
cells consequently lose their rich contents and get crushed by the 
liaustorium, the distal ends of the two cells of which are spread out 
as large expansions. 

The haustorial function stops after a time when the embryo 
is fully formed and the remnants of the liaustoria are seen in the 
mature seed as darkly staining shrivelled up masses in various 
stages of disintegration. 


Embryo 

The fertilised egg. after a series of transverse divisions, gives 
rise to a filamentous pro-embryo in which are seen a long suspensor 
of a variable number of cells and the embryo proper, primarily made 
up of four large cells arranged in a row (Fig. 2), The first two 
cells of the suspensor immediately following the emliryonal cells 
are also fairly conspicuous and contribute to the completion of the 
basal region of the embryo. The first two cells of the row of 
four embryonal cells are the earliest to divide by two vertical walls 
at right angles to each other (Fig. 3), followed by the fonnatioii 
of a single vertical wall in the third cell also (F'ig. 4). The emliryo 
therefore consists at this stage of tiers of cells, the first two tiers 
with four cells each and the third with two, while the last cell is 
still undivided. The first tier of cells undergoes the next division 
by two oblique w'alls, one on each side of the first vertical wall 
(Fig. 5) and the further divisions are by periclinal walls in all the 
tiers of the embryo to form the dermatogen (Fig. 6). The central 
mass of cells within the dermatogen in the second tier of cells 
constituting the hypocotyl gives rise, after a few more divisions, 
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to the plerome and the periblem (Figs. 7-9). The body regions in 
the embryo may all be traced to the four primary embryonal cells — 
the first cell giving rise to the cotyledons and the stem tip. the 
second constituting the hypocotyl and the third and the fourth 
forming the hypophysis and the radicle respectively (Fig. 9). 


Text figs. 2 — 9. Stages in the development of the embryo; The primary 
walls are clearly seen in figs. 8 vv: 9. All X900. 

The development of the embryo in L. iiicotianae folia Heyne 
is similar to that in L, frigona in many respects, but the character- 
istic constrictions; which are a conspicuous feature in the 
filamentous pro-em])ryo of L. trigoua are absent in the species 
studied here. 

The embryo is completely formed in the mature seed and 
develops at the expense of the endosperm. The seed has a hard 
coat, the outermost layer of which has cells with extremely 
thickened walls. The innermost layer of cells which before 
fertilisation functioned as the tapetum also has thick walls and 
therefore gives added strength to the seed coat. 

Conclusions 

The supplies of nutrition for the growing embryo-sac at differ- 
ent periods and the formation of devices for the absorption of 
materials for the developing embryo from parts of the ovule 
adjacent to the embryo-sac are too well known in many families of 
the Sympetalae to need an elaborate discussion here. In the case 
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of Lobelia irigona studied previously by the present author, mention 
has already been made of the partial breaking down of the chalazal 
tissue 1)}' the antipodal end of the embryo-sac prior to fertilisation. 
In the case of the species studied here a similar state of affairs 
also exists. The antipodal end of the embryo-sac here becomes 
more pronounced in forming a process which grows beyond the 
antipodals into the clialazal nutritive tissue and forms an embryo- 
sac haustorium, vdiich is later replaced by the aggressive chalazal 
haustorium. The antipodals which persist for some time share 
in the absorption and conduction of materials thus obtained by the 
antipodal process of the sac. They begin to disorganise only when 
the embryo-sac is fully organised and is ready for fertilisation. 
The period that elapses between the commencement of the 
formation of the embryo-sac and the actual time of fertilisation 
seems to lie fairly long, during which time the embryo-sac is storing 
plenty of nutritive materials obtained from the chalazal tissue. 

The nutritive tissue at the micropylar region of the integument 
is less pronounced in the earlier stages. It becomes conspicuous 
with rich cell contents only when the embryo is about to be formed 
and the micropylar haustorium is differentiated. Both the 
micropylar and the chalazal haustoria are aggressive structures 
drawing nutrition from the two nutritive tissues, where the cells 
consequently become crushed and large cavities are formed in 
later stages containing the remnants of the haustoria. 

Apart from the two haustoria which form the chief organs 
for obtaining nutrition for the embryo, the tapetal jacket formed 
by the innermost layer of cells of the integument is an important 
source of nutrition for the embryo-sac during its period of forma- 
tion and growth. It becomes a protective layer only later when 
the seed is formed and thus has two different functions at differ- 
ent periods in the history of the embryo-sac, as a nutritive jacket 
before fertilisation and as a protective layer when the embryo is 
formed. 

Summary 

1. The salient features in the life history of Lobelia 
nicotianaefolia Heyne are described. 

2. The important stages in the meiosis of the microspore 
mother cells are followed and the haploid number of chromosomes 
is recorded to be fourteen for the species. 

3. The dift*erent stages in the development of the embryo-sac, 
the presence of an antipodal process of the embryo-sac for the 
absorption of nutrition and the formation of the haustoria after 
fertilisation are discussed. 

4. The development of the embryo is studied in detail and 
the relation of the body regions of the embryo to the primary 
embryonal cells is traced. 
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Explanation of Plates IV and V 

Plate lY 

Figs. 1-7 X2700; rest X900 

Figs. 1 and 2. Nucleus of the microspore mother cell during early 
and late pachytene showing the double nature of the 
threads. 

Fig. 3. A later stage; the formation of twists in the threads is 
clearly seen. 

Fig. 4. A metaphase plate showing fourteen bivalents. 

Fig. 5. Early anaphase to show the separation of the 
chromosomes. 

Fig. 6. The spindles for the second division: note the zone of 
granules between the spindles. 
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Fig. 7. The foniiation of peripheral furrows between the 
daughter nuclei. 

Fig. 8. Pollen grain at shedding stage showing the large tube 
nucleus and two small male cells. 

Fig. 9. I.ongitudiiial section of a young ovule with the hypo- 
dermal archesporial cell. 

I^igs. 10 and 11. The degenerating megaspores of the linear 
tetrad: in Fig. 11 is shown a case of the micropylar 
megaspore enlarging at the expense of the others. 

Fig. 12. Two nucleate, embryo-sac: the nucellus is breaking down. 

Plate V 

All figures X600, except 18 and 19 X900 

Figs. 13 to 17. Stages in the formation of the embryo-sac ; in 
Figs. 16 and 17 the formation of the antipodal pro- 
cess of the embryo-sac is showm. 

Figs. 18 and 19. The micropylar and the chalazal haustoria res- 
pectively at the time of their maximum activity. 
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Recently the writer investigated the development of the carpels 
in the family Menispermaceae ( Joshi \9Z7 a and b ), and presented 
evidence for reduction in the number of ovules in the carpels of 
this group during the course of its evolution. Following this 
investigation, it was decided to see if other groups of dowering 
plants with uni-ovulate carpels also yield similar evidence. Most 
members of the family Leguminosae possess many-ovuled carpels. 
There is, however, a fairly large numl)er in which the carpels are 
onl}' a few-ovuled or even one-ovuled. A list of such forms has 
been given by Thompson (1929, p. 41). The family is thus 
eminently suitable for such studto and the niorphoiogy of Psoralea 
coryUfolia Linn, has been investigated as a representative of the 
one-ovuled forms in the Papilionatae. 

When the investigation was started, there was no desire to 
study the embryo-sac. The material microtomed for the other 
purpose, however, also showed on examination the different stages 
in the development of the embryo-sac. A brief account of this, 
therefore, is also included here. 

The Gynaecium 

The gynaecium in Psoralea coryUfolia does not at all show the 
dual symmetry (Figs. 1 and 2) , wdiich Saunders (1929) regards 
characteristic of some Leguminosae. Its vascular system is also 
that of a single carpel, there being two marginal bundles and one 
dorsal or midrib bundle (Fig. 2). Although at the base of the 
gynaecium there are a few extra vascular strands — remnants of 
the axial vascular system — but these soon come to an end. There 
are thus no grounds for regarding the gynaecium of Psoralea 
coryUfolia to he composed of two carpels as believed by Saunders 
to be characteristic of Leguminosae. It is, however, unnecessary 
to take up this question in detail here, as Moore (1936) has only 
recently dealt with it very fully and the writer completely agrees 
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with his views. Similarly, there seem to be no strong gToiiiicls for 
interpreting the legume as a phylloclade-like structure, as done In' 
Thompson (1929). The evidence from comparative mori)hoiugy 
is still largely in favour of interpreting the legume as ec.|ui\alent 
to a single foliar carpel, as was done long ago by Goethe f 1790 k 


The Ovule 

Although the carpel of Psoralea coryli folia possc^-'C-. a single 
OMile, it is still marginal in its attachment. It may an^e from the 
left or the right margin of the carpel (Figs. 1 and 2). Further 
the placenta on the other margin from which the ovule is not arising 
is often equally developed as the placenta on the ovule-l)earing 
margin. This supports the view that the siiigle-ovuled condition 
of the carpel in this species has resulted by reduction from a more- 
ovuled state. 

The young ovule at first grows straight, l)ut as it comes in 
contact with the dorsal wall of the carpel, its straight growth 
is checked and it bends upwards ( Fig. 3) just as Reeves (1930) 
has noted in Medicago. Next it ])econies somewhat amphitropous 
(Fig. 4). The form of the ovule at the mature enil)ryo-sac stage 
(Fig. 5) is very peculiar. It has features of both amphitropy and 
anatropy, but it is also not far removed from the atropous condi- 
tion. Further it is broader towards the micropylar end and narrow 
towards the chalazal end. This peculiar half-ana-amphitropous 
form of the ovule may be regarded to have originated as a result 
of reduction in the num1:)er of ovules in the carpel. If there had 
been another ovule growing above this, that would have pressed it 
downwards, and it would have assumed an anatropous form. In 
the absence of another ovule, it meets with no pressure from above, 
and consequently retains the unusual form which has l)een descril)ed 
above. 

After fertilisation, as the embryo is developing, the funicle 
of the ovule expands at its apex. The form of the ovule thus 
undergoes another transformation. It ])ecomes nearly campylo- 
tropous (Fig. 6). 

The ovule possesses a small amount of nucellus and two 
integuments. Both the integuments arise nearl\' simultaneously, 
or the inner differentiates a little before the outer. The outer, 
however, soon overtakes the inner (Fig. 4), and is chiefly concerned 
in the formation of the micropyle ■ (Fig. 5). At the time of the 
tetrad formation, the inner integument consists of two layers of 
cells and the outer of three layers (Fig. 4). The inner does not 
undergo aii}' increase in thickness after this stage, while the outer 
becomes greatly developed (Fig. 5). 


Figs. 1 and 2. Transverse sections of two young carpels showing the 
attachment of the ovules and the vascular system. X180. 

Figs. 3~6. Longitudinal sections of carpels showing the form of the 
ovule at various stages of development ; Fig. 3, at the megaspore-mother 
cell stage; Fig. 4, at the tetrad stage; Fig, 5, at the mature embryo-sac stage; 
Fig. 6, during the development of embrvo. Figs. 3 and 4, x'lSO; Fig. 5, 
V85: Fiff.''6:,'.v4S' ' 
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Development and Structure of the Embryo-sac 

There is a single hypodermal archesporial cell which cuts off 
a primary wall cell. The latter gives rise to one or two layers of 
[larietal tissue. The megaspore-mother cell gives rise to a linear 
or T-shaped tetrad of megaspores, of which the chalazal develops 
into the emliryo-sac according to the normal-type. The mature 
eml)ryo-sac shows a normal egg-apparatus, three small antipodals 
which persist till fertilisation, and two polar nuclei which meet 
below' the egg-apparatus and ultimately fuse there (Fig. 5). 
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Introduction 

Two collections of fossils from W^aziristan sent l)y the 
Director, Geological Survey of India to Prof. B. Sahni, h^R.S,, 
were kindly placed by him in my hands for examination. One of 
the collections was made by Capt. Murray Stuart from the Takki 
Zam valley (Waziristan) ; it contains a few tolerabls' well-preserved 
specimens, and is referred l)y him to the Janjal Plant wSeries. The 
second collection, made by Dr. A. L. Coulson from certain localities 
in .South Waziristan, comes partly from the Janjal Plant Series 
and partly from certain beds referred by the Geological Survey 
to the Upper Cretaceous. Both the collections are preserved 
in Calcutta. 

From a stratigraphic point of view the s|)ecimens are 
not of much value, but botanical!}' they are of interest as 
practically no records of algal im]:>ressions from the Indian rocks 
are in existence. 

Description 

All the specimens described below are from Capt. Stuart's 
collection from the Janjal Plant Series. The specimens from 
Dr. Coulson’s collection are not included here as they are mostly 
indeterminable fragments. 

Capt. Stuarfs collection from the Janjal Plant Series f K 21 / 169) 

The specimens described in this short paper are no doubt 
algal impressions. Following Seward (1894, p. 4) they are 
described under the comprehensive generic name Algites. The older 
generic names which suggest relationship with the living forms 
which cannot be proved, are dispensed with. We know very little 
of their internal structure or reproductive organs which will help 
us to determine their affinities. Stopes (1913, pp. 247, 257), hoAV- 
ever, prefers to describe fossil impressions which suggest Algae 
under two different genera - — Algites for flattened impressions, and 
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Chondrites tor forms with a cylindrical thallus. This purely arti- 
ficial,, though convenient, distinction is better avoided for obvious 
reasons. The mode of preservation is often responsible for such 
differences in appearance. 

It is indeed a hopeless task to try and compare our specimens 
with the numerous and controversial “species'* of fossil algae pre- 
viously descrilied and arrive at a satisfactory conclusion. The 
specific identifications tentativehv suggested here are to be taken 
for wdiat they are worth. 

Algites cf. A. Meyrati (Fisch.-(3ast. ) 

( Plate VI, Fig. 6 ) 

This small fragmentary specimen is about 3 cms. long and 
api)ears to be irregularly branched (? pinnate). One of the branches 
appears to l^e club-shaped. The Itranches are of unequal length ; 
their breadth varies from 2-3 mm. A carbonaceous crust is present. 
Maceration of this crust yielded negative results. 

I hat^e ventured to compare this specimen with a possible algal 
impression described as Sphaerococcifes Meyrati by Heer (1877, 
p. 142; Taf. LVIII, Fig. 9) from the Neocomian of Argentina. 
The general habit and size of the ln*anches are comparable with 
this form. Stopes ( 1913, p. 265) considers the species as an alga 
of doulitful nature. 

Alffites cf. A, intncafus (Sternb.) 

(Plate VI, Figs. 1-4) 

This is the commonest species found in these rocks. Frond 
delicate, branched, branches irregularly dichotomous and pinnate, 
0*25-5 mm. broad. They arise at acute angles and are of unequal 
length. 

Our specimens can be compared with Heer’s (1877, p. 157; 
Taf. LXIII, Figs. 1-10) figures of Chondrites intricatns from the 
Flysch. Though the Waziristan specimens are not quite so complete 
as Heer's, they show^ enough resemblance with the latter in habit, 
size and mode of branching to justify a close comparison with it. 
The specimens are also closely comparable wdth Chondrites 
intricatns figured by Stopes (1913, PI. I, Fig. 1). The specimens 
shown in Fig. 4 probably belong to this species. Their cylindrical 
appearance is due possibly to the mode of preservation. 

Algites cf. A. Targionn (Brongn.) 

(Plate VI, Figs. 1 2 a.) 

Only two specimens were found, associated with Algites ci, 
A, intricatiis. Frond branched, branches irregularly dichotomous 
and pinnate, 0*75-1 mm. broad; branching more pinnate than 
otherwise. 

The specimens can be compared with advantage with Heer's 
(1877, Taf. LXIII, Figs. 6 a, 16) figures oi Chondrites Targionii. 
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Considering its size, branching and general habit the specimen is 
closely compared though not specificall}' identified with it 

Algites sp, 

(Plate VI, Figs. 1 h, 3 b, 4 b, 5 b ) 

Thallus straight and unbranched, varying from 0.5 to 2 nini. 
in Itreadth, made up of numerous small bladder-lilte structures, 
which give it an irregular outline (PI. VI, Fig, 5h}. 

The specimens are compared in their gross surface features 
with algal impressions described as HaJymenites himbricoides Fleer 
(1877, p. 166; Taf. LXIV, Figs. 11, 12). But the latter is larger 
in size and its margin appears to be cpiite regular. Considering 
the surface features it may be possilde to include our specimens 
within the genus Halyrnenites, if the genus can be retained as such: 
but since the name suggests affinities that are r.ot [proved, it is 
better avoided. The specimen is described under the coni[)rehensive 
genus Algites, It seems useless to create a new species to accom- 
modate this specimen, as we know very little regarding its structure 
and affinity. The specimen shown in Fig. 4 h probably l)elongs 
to the same species. Its cylindrical appearance is possibly due to 
the mode of preservation. 

Conclusion 

From what has been said above it would l)e unsafe to depend 
upon these fossil remains alone for an estimate of the age of the 
1)eds from which they come. No doubt the specimens are com- 
pared above to species referred to the Cretaceous and early 
Tertiaries. But as has been stated already their real affinities are 
obscure. The specimens described above come from the Janjal 
Plant Series to which Capt. Stuart (1923, pp. 90, 91) assigns a 
doubtful Jurassic age on the evidence of a distinct lithological 
resemblance between these fossiliferous limestones and the l)lack 
Jurassic limestones of the Sheran country. 

My thanks are due to Prof. B. Sahni, F.R.S., for helpful 
criticism. I am indebted to the Director, Geological vSurvey of 
India, for the loan of the material and for permission to publish 
the account in this journal 
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Explanation of Plate VI ' 

Ail figures are of natural size unless otherwise stated. The 

ligTired specimens are preserved in the Geological Survey of India, 

Calcutta. ^ 

Fig. 1. Algites ci, A. intricaiiis (Sternb.). Thalltis showing 
irregularl}* dichotomous and pinnate branching. The 
specimens are chiefly confined to the right hand half of 
the photograph. 

( // ) . ilgifes cf. A. Targiomi ( Brongn. ). Thallus slightly 
liroader. 

(h) Algites sp. Thallus un])ranched, made up of small liladder- 
like structures ( cf. Fig. 5 h which is an enlarged 
photograph of the specimen shown in Fig. 3/>). 

Fig. 2. Algites cf. A, intricaius (Sternb.). 

( (Z ) Algites cf. A. Targionii ( Brongn. ). 

Fig. 3. Algites cf. A. iutricatus (Sternb.). 

{b} Algites sp. Same species as the one shown in Fig. 1 b. 
The specimen is shown enlarged in Fig. 5 h. 

Fig. 4. Algites cf. A. Aitricatus (Sternb.). Thallus cylindrical 
possilih' due to the mode of preservation. The 
cylindrical appearance is not clearly seen in the 
photograph. 

(b) Algites sp. Thallus cylindrical possibly due to the mode 
of preservation; probably the same species as those 
shown in Figs. 1 h, 3 b, 5 b. 

Fig. 5, Algites sp. Same specimen seen in Fig. 3 b enlarged to 
show irregular outlines of thallus formed of bladder- 
like structures. XCa 4p4. 

Fig. 6. Algites cf. A. Meyrati (Fisch.-Oost.). Thallus irregu- 
larly branched, branches broad and of unequal length. 
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The fungi enumerated in “Fungus Flora of Nainital” 
Part I, (Jour. Ind. Bot. Soc. Vol. XI, No. 2, pp. 178 — 180, 1932.) 
were collected only during the month of October while those 
given in this second list of Nainital fungi have had a wider 
seasonal range, being collected oh* and on during i\Iay, June, 
July, September and October. 

Fifteen of the species and one genus are new' to Science : 
they are marked, with a double asterisk. Another fifteen species, 
marked with a single asterisk, are on new hosts. Nineteen fungi, 
marked with a X/are not mentioned by Butler and Bisby in 
The FTingi of India.'^ 




Coleosporium demaiidis Barclay. Clcmaiis montana. 

Coleosporium leptodervnidis (Barclay.) Syd. Lcptodcrmis lanceolata. 
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Puccinia iridis (DC.) Wallr. fris. 
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In 1932 in making observations on several s])ecies of Arisaeina 
in the Nilgiris (Jouni. Bomb. Nat. Hist. Soc. Vol XXX\MI, No. 3), 
it was noticed that in some plants the right side of the spathe of 
the inflorescence overlapped the left side, while in other specimens 
of the same species the reverse was the case. This overlapping of 
one side of the spathe by the other is accompanied by a spiral 
twisting of the upper end of the spathe in the bud, some spathes 
being twisted so as to resemble a right-handed screw and others so as 
to resemble a left-handed screw; in some cases the edges of the 
cataphylls and leaf blades or bases also overlap in the same direction 
as the spathe. As in some genera of Monocotyledons, such as 
Dioscorea, the direction of twining is sufficiently definite and con- 
stant for this character to be used as a key-f actor for the species, it 
was thought to be of interest to find whether the species of other 
genera of the family Araceae resemble those of Arisaema in not 
showing a constant direction of twisting and overlap. 

Below are recorded the place of growth and the number of 
individuals with right-handed and the number with left-handed 
spathes for all plants of the various species of Araceae that have 
come under the writer’s observation during the past few years. The 
identity of each species has been confirmed at Kew either by 
Mr. C. E. C. Fischer or by the wndter. 


Left Right 

(1) Cryptocoryne retrospiraiis Knnth 

Karapara River, Cochin , . 27 14 

Tennialai, Travancore - • 74 91 

Mettur, Salem District . . 19 15 


120 120 
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Left 

Right 

(2) 

Crypfocoryne consobrina Schott 




Karapara River, Cochin 

21 

21 

(3) 

Cryptocoryne spiralis Fisch. 




Lonavla, Bhor Ghat 

13 

14 

(4) 

Lagcnandra oval a Thw. 




Tenmalai, Travancore 

13 

38 


Kottayam, Travancore 

3 

2 



16 

40 

(5) 

Lagenandra toxixaria Dalz. 




Tennialai, Travancore 

17 

16 

(6j 

Lagenandra sp. 




Nilgiri Wynaaci 

2 

3 

W) 

Ac or Its Calamus Linn. 




Kandale Valley, Travancore 

7 

4 


Ootacamund Lake, Nilgiris 

3 

2 



10 

6 

(8) 

Typhonium trilohaturn Schott 




Tubers from West Coast, grown at 




Tainbaram . . 

2 

5 

(9) 

Typhoniuin flagellifonne Bl. 




Tubers from West Coast, grown at 




Tambaram 

7 

20 

(10) 

Theriophonuin minutum Engl. 




Tambaram and District (1933-36).. 

114 

94 

(11) 

Theriophonum Wightii Schott, 




Tambaram, Chingleput District 

1 

1 

(12) 

Therioplwniim inf atisf util N. E. Br. 




Tennialai, Travancore 

■:1: ■- 

1 


Chalakudi, Cochin 

. -3- ■' 

5 


Grown at Tambaram . . 

8 

6 


12 12 
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IS: 



Left 

Right 

(13) 

Ariopsis pelf at a Nimmo 




Munnar, Travancore 

6 

10 

(14) 

C olocasi a an t iqu oru m Schott 




Chalakudi^ Cochin 

18 

14 

(15) 

Xanthosoma cordifolium N.E.Br. 




Cultivated and run wild in Madras 

7 

4 

(16) 

Remtisafia vknpara Schott 




Nilgiri Wynaad 

3 

1 

(17) 

Arisaema aftemiaium Bar. & Fisch. 




Miinnar, Travancore 1935 

22 

36 


M „ 1937 

38 

44 



60 

80 

(18) 

A, Barnesii Fisch. 




Longwood Shola, Nilgiris 

29 

27 


Neduvattam, Nilgiris 

13 

18 


Ouchterlony Valley, Nilgiris 

24 

20 



66 

65 

(19) 

A. Leschenaultii Bl. 




Ootacamund Downs, Nilgiris 

84 . 

90 


Longwood Shola, Nilgiris 

52 

66 


Travancore High Range 

12 

10 



148 

166 

(20) 

A, peltatum Fisch. 




Munnar, Travancore 

13 

20 

(21) 

A, psittacMS Bar. 




Manna van Shola, Travancore 

13 

22 

(22) 

A. sarracenioides Bar. and Fisch. 




Munnar, Travancore 1935 

30 

18 


1937 

19 

24 



49 

42 
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fortuosurn Schott 

Left 

Right 

Nediivattam, Nilgiris 

11 

9 

Banagudi Shola, Nilgiris 

7 

22 


18 

31 


A. torlnosuin var. ncglecium Fisch, 

Mercara, Coorg . . 1 3 

A. forlHosuin non-typical form with 
5 leaflets. 



Dodabetta, Nilgiris 


6 

6 

(24) 

A. transliicens Fisch. 





Tliia Shola, Nilgiris 


30 

23 

(25) 

A, tiiberculatiim Fisch. 





Pennant Sliola, Nilgii 

•i.s 1933 

18 

15 


if Ji it 

1935 

8 

9 




26 

24 

(26) 

A, tylophoriiin Fisch. 





Thia Shola and Nediivattam, Nilgiris 





1933 .. 

25 

36 


Nediivattam 

1935 . . 

77 

105 




102 

141 

(27) 

A. Wight'll Schott 





Anamudi, Travancore 

1935 

14 

8 


jr it 

1937 

30 

27 


Dodabetta, Nilgiris 


2 

7 




46 

42 

(28) 

Amor pho phallus sylvaticus Kiinth 




Tambaram, Chingleput District 





1934 

26 

36 


ti it 

1935 

34 

35 



1937 

12 

6 


72 


77 
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(29) 

Anaphyllum Wightii Schott 




Kavali, Cochin 

1 



Ponmudi, Travancore 

1 

i 



2 

3 

(30) 

Richardia africana Kunth 




Ootacamund Lake, Nilgiris 

14 

18 


Palaar, Travancore 

n 

0 

7 



17 



In Pistia stratiotes, Linn, and Pathos scandens, Linn, the spathe 
is not twisted and one side does not overlap the other, at least in 
the mature inflorescence. 


These observations appear to lead to the following conclusions: — 

(1) In none of the species studied is the asymmetry exclusively 
right- or left-handed. As the plants observed belong to thirteen 
widely varying genera, it appears probable that this is also true of 
the family Araceae as a whole, 

(2) In most cases (Nos. 1, 2, v3, 5, 12, 14, 18, 25, 27 and 28) 
there are the same or nearly the same number of individuals showing 
right-handed asymmetry as those showing left-handed asymmetry. 
This suggests that in these cases the variation is due to chance. 

(3) Omitting the cases where the number of specimens counted 
is obviously too small to justify any numerical conclusions being 
drawn, it is seen that with a number of the remaining species (Nos, 
4, 17, 23 and 26 and possibly 10 and 19) the departure from equality 
is greater than would be expected from random variation. There 
appear to be two possible explanations of these inequalities depending 
on the mode of reproduction of the plant. Most of these aroids 
produce seeds and also reproduce vegetatively by bulbils, under- 
ground runners or creeping rootstocks. As is indicated below, there 
is some evidence that in a number of species it is not merely the 
spathe that is either right-handed or left-handed, but the whole 
plant has a right- or , left-handed bias. If this be the case, plants 
produced vegetatively would generally be expected to show the same 
asymmetry as the parent. In a restricted area, such as a single 
shola or valley, most plants are likely to have had a common origin, 
and if reproduction were chiefly vegetative, a local predominance 
of right- or left-handed individuals would not be surprising. In 
making the counts it was observed with some of the Arisaemas and 
with Acorus that the plants were often found in groups and that 
in some cases the spathes of all the plants in a group were similar in 
their asymmetry. Probably these groups were produced vegetatively 
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from the same parent. The observed inequality in such cases would 
tlius appear to l)e due to the limited area over which the observations 
were made, and it is to be expected that if a sufficiently large number 
of plants from the whole area of distribution of a species were 
counted, the numbers of the two kinds would approximate to 
equality.'^' On the other hand, if asymmetry were a Mendelian 
character and if in any particular species right- or left-handedness 
were a dominant, then reproduction l)y seed would also result in 
unequal numbers of individuals showing the two kinds of asymmetry. 
No evidence from ])reeding experiments with these species has so 
far been obtained in support of this possibility, and the numerical 
l^roportions found in the cases where there was not approximate 
e(iua]ity do not appear to approach the ratio to which this assumption 
would lead. 

Although a species as a whole is not exclusively right- or left- 
handed, it is of interest to find whether an individual plant is 
constant in this respect. Information on this subject is not very 
easy to obtain by observation in the field, as in many species only 
one inflorescence is produced in a season and often only one after 
several seasons. The only .species in which more than one spathe 
produced hy the same plant have been seen are (3) Cryptocoryne 
spiralis (5) Lageiiandra toxicaria (8) Typhonvum trilohatum (9) 
Typhoniuni flagelliforine (12) Theriophommi mfansHim and (13) 
Ariopsis pel fata. (3) occasionally bears two or three inflorescences 
at the same time in diiTerent axils. One plant had three spathes all 
right one had two ]:)oth right, one had two both left. One plant, 
however, had one right-handed and one left-handed spathe. (5) has 
a hori;;ontal succulent stem and several inflorescences are produced 
at intervals during a season at difiPerent nodes. In several marked 
plants, the two or three spathes produced were similar in asymmetry. 
In (8) the blade of the leaf is rolled up in the bud so that the inner 
side is completely wrapped round by the outer; sometimes it is the 
right and sometimes the left side that is outermost. A number 
of inflorescences are produced each season. One plant while under 
observation produced four leaves and three inflorescences all right; 
another, one leaf and three inflorescences all left ; another, two leaves 
and one inflorescence all left. One plant, however, produced one 
right and one left leaf, and two left and one right inflorescences. 
In this species the two sides of the blade of the leaf are not 
symmetrical, the side which was outermost in the bud being more 
deeply lobed at the base than the other. This lack of symmetry 


*It may be of interest to record that in 1934, with a view to testing whether 
by counting a very large number of spathes the result would be approximate 
equality, a count was made of as many spathes as possible of the common 
English aroid Arum macula fum. It was found that of 982, 508 were left and 
474 were right. In this case also there was some evidence of focal predominance, 
l)ut apparently the numbers counted and the area covered were insufficient to 
settle the question being tested. Acorns Calamus is the only aroid 'that is 
found wild both in England and in S. India. Specimens counted in England 
were found to be 27 right and 12 left. 
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is most distinct in young leaves but it often persists in the fully 
developed leaf. With (9) one plant produced two inflorescences 
and five leaves, all right, and three other plants produced several 
leaves and inflorescences of similar asymmetry. One plant of 
(12) produced three inflorescences all left and another two inflor. 
escences both right. In the only plant of (13) seen to produce 
two inflorescences, the spathes overlapped in opposite directions. 

_ Some observations have also beeti made with cataphylls and 
leaf bases. In Arisaema Leschenaidtii there are several membranous 
cataphylls clasping the base of the petiole. In the early stages of 
growth, one side of the cataphyll overlaps the other. Of 56 "plants 
observed in the ^Nilgiris, 49 w^ere found to have a cataphyll and the 
spathe overlapping in the same direction, and in 7 cases they wtrt 
opposed. A specimen of A. Leschenaulfil from Coorg had 5 cata- 
phylls and the spathe all with the left side over the right. In 
Ansaema, the cataphylls are homologous with the petioles of the 
leaves, and a minute vestigial leaf blade with several lobes can some- 
times be seen at the tip. In A. Leschenaultii, with rare exceptions, 
only one leaf is produced each season. The lower part of the petiole 
of this leaf clasps the base of the peduncle. The petiole is cylindrical 
and succulent, and externally there is little to indicate any overlapping. 
If, however, the upper part of the plant is cut off near the base, it 
is usually seen that one side of the petiole is overlapping the other, 
although the sides lip to a certain height are joined internally , by a 
thin membrane. In 17 specimens in wrhich this overlapping was 
c{uite clear, 16 had the overlapping of the petiole base and the spathe 
in the same direction and one in the opposite direction. In the 
non-typical form of A. tortiiosum with 5 leaflets there are usually 
two leaves. Of 13 plants examined, 6 had the spathe and both leaf 
bases overlapping in the same direction, 4 had 2 the same and the 
other missing or not overlapping ; and in only one case did the same 
plant have one leaf base right and the other left. The only specimen 
of A. sarracenioides examined had the spathe, a cataphyll and the 
base of the petiole all left over right. A specimen of A, JVightii 
from Dodabetta had 2 cataphylls, 2 leaf bases and the spathe all 
right, but another had a cataphyll, a leaf base and the spathe right 
but the other leaf base left. In Cryptocoryne relrospiraUs numerous 
leaves are present on a plant at the same time. By cutting across the 
plant near the bases of the leaves, it is seen that the petiole bases 
overlap in a cyclic manner. Plants in wdiich the leaf bases overlapped 
to the left were found to bear spathes twisted as a left-handed screw% 
and those whose leaf bases overlapped to the right had spathes with 
a right-handed twist. 

It thus appears that in at least some species of aroids, each 
individual plant has a right- or a left-handed tendency although in a 
certain proportion of individuals this tendency appears to be weak 
or absent. 

In most species referred to above the asymmetry consists of a simple 
overlapping of one side of the spathe by the other, often accompanied by a 
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twisting of the upper part of the spathe; but there are a number of cases in 
which the asymmetry is different, and the following notes are added in 

explanation, 

Cryptocoryne and Lagenandra differ from the other genera in that the 
tube of the spathe is modified to a chamber which opens to the limb by a 
valve, the opening of the valve being to one side of the chamber and the spadix 
to the other. In (1) and (2) there is a long twisted cylinder above the 
chamber, and it is difficult to say by inspection which is the front of the 
spathe and, consequently, whether the valve or the spadix is on the right; 
above the cylinder, however, there is a twisted limb ; it is the direction of 
twist of the limb that is recorded. In (3), (4), (5) and (6) there is no 
cylindrical portion above the chamber and the Hmb is closed at first but opens 
by a slit, the lower part of which is arc-shaped. By comparing the elements 
of asymmetry present in the various species of these two genera, it is found 
that the following go together or are equivalent: (a) right side of spathe 
overlapping left in mature spathe or in bud (b) spathe twisted so as to 
resemble a right-handed screw when mature or in bud (c) valve to right of 
spadix (d) arc-shaped lower end of opening of spathe concave to the right. 
Plants having one or more of these elements are called “Right” in the above 
record, and their opposites or mirror images are recorded as “Left”. Acorn^s 
Calamus is quite different from all the others. In this species the spadix is 
attached about half way up what appears to be a long ensiform leaf. The part 
of this apparent leaf below the spadix is the modified peduncle and the part 
above is the modified spathe. The peduncle is wedge-shaped in cross-section 
and there is a groove along the blunt edge. The ridge on one side of this 
groove is wdder than the ridge on the other, and in the spathe this wider ridge 
becomes the mid-rib while the narrower ridge continues as one of the edges 
of the spathe. The spathe is thus asymmetrical, and in some specimens the 
broader ridge that becomes the mid-rib is on the right and in others on the 
left. Further, the peduncle is twisted through about a right angle between 
top and bottom. It is found that a right-handed twist of the peduncle goes with 
a broad ridge on the right, and these appear to correspond with a right-over-left 
overlap in other genera. 


Summary 

Observations on the right- and left-handed asymmetry of the 
spathes of 30 species of aroids found in S. India have been made. 
In most species there are found to be about equal numbers of plants 
having right- and left-handed spathes. and it appears probable that 
observations on larger numbers would show this to be true of the 
others also. Some evidence has been obtained that each individual 
plant has a right- or left-handed bias, but there appear to be 
exceptions. 
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ON THE STRUCTURE AND LIFE-HISTORY OF 
PSEUDOVALONIA FORBESII (Harv.) IYENGAR 
(VALONIA FORBESII Harv. ) 

(Preliminary note ) 

BY 

M, O. P. Iyengar 

Umversiiy Botany Lahorafory, Madras^: 

Received for publication on 15th May, 1938 


Living mat erial oE this alga was brought from Pamban and 
grown at Madras in the laboratory and the several stages of its 
life-history were studied in some detail. This alga was until 
now placed in the genus but a study of its structure 

and development shows that it is not a Valonia. The peculiar 
lenticular cells and the tiny marginal cells bearing short 
rhizoids which are so characteristic of Valonia are never 
formed in this alga. And, unlike Valonia,. but more like 
Ernodesmis , Siphonocladus, Struvia and Chamaedoris, the 
base of the alga forms an annularly constricted stipe. (Text-figs. 
2 and 4). Boergesen first drew attention to this peculiarity of 
Valonia Forhesii in his recent paper, Some Marine Algae from 
Ceylon ” (Ceylon Journ. Sc., Vol. XII, pt. 2. 1936, p. 62, fig. 1). 
The plant is attached to the substratum hy horizontal creeping 
rhizoiclal branches formed from the basal portion of the stalk. 
And these rhizoiclal branches, through segregative cell division, 
soon become septate. Some of the cells of these septate rhizoids 
swell up and groW' into secondary vesicles around the parent 
vesicle (Text-figs. 2 — 4), so that the fully grown plant appears 
like a cluster of vesicles (Text-fig. 1). This method of proli- 
feration from the septate rhizoiclal portion is quite similar to what 
is seen in Chamaedoris Peniculum (Sol.) O. Kuntze as recorded 
by Boergesen (Marine AIg;ae of the Danish West Indies, Vol. I, 
p. 57, fig. 40), but quite unlike what is seen in Valonia ufricularis 
(Roth) Ag. as recorded by Kitckttck (Ueber den Ban und die 
Fortpflanzung yon Halycystis Avesch, und Valonia Ginn. Bot. 
Zeit. 1907). A ntw gcims Pscudovalonia is therefore created for 
this alga. (See also '' A note on two interesting South Indian 


* Alg. Ceylon, No. 75 (Nomen nudtnn). (Quoted from Boergesen 
below) . J. G. Agardh : Till Algernes Sy stematik VUI, p. 96 F. Boergesen, 
Some Marine Algae from Ceylon, Ceylon Journ. .Sc i. (A) Vol. XII, Pt. 2, 
1936, p. 62, fig, 1.^ ^ ^ ^ ^ ^ 
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Marine Alga% Pseudovalonia Forhesn (Harv.) Iyengar comb. 
HOY. and Pseitdobryopsis pambanensis sp. nov. ; Proceedings of 
the Twenty-fifth Indian Science Congress, Calcutta, 1938 
pp. 132 and 133, Pt. Ill, Abstracts).'' 




l-2.’-“Pseiidovalonia Forbesii Fig. 1, General clustered 
habit of .the plant. About natural size. Fig. 2. Base of the plant showing 
rhizoids formed from the stalk; some of the rhizoids have become septate 
and young vesicles are already formed from sonte of the cells. X about 40* 
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Under uiifavonrable conditions, plenty of cysts are formed 
inside the vesicle. These cysts grow into new plants when 
conditions become more favourable again. 

Numerous four-ciliated motile spores are formed in each 
vesicle. These escape outside through a large number of round 
apertures formed in the wall of the vesicle and, after swarming 
for some time, finally settle down and grow into young plants. 
No case of sexual fusion was observed. The occurrence of 
four -ciliated swarmers in this alga is interesting, since usually 
only biciliated swarmers are formed in the Valoniaceae. The 
only previous record of four-ciliated swarmers is by Kuckuck 
{loc, cifj in Valonia macrophysa Kutz. 

Description 

Pseudovalonia gen. nov. 

Thallus vesicular and narrowed downwards into an annularly 
constricted stalk ; thallus attached to the substratum by rhizoids 
formed from the base of the stalk ; rhizoids soon becoming septate 
through segregative cell-division; plenty of new vesicles proli- 
ferating all round the base of the parent vesicle through the en- 
largement and growth upwards of the cells of the rhizoidal 
portion, giving the alga a clustered appearance; lenticular cells 
never formed in the thallus. 

Asexual re])roduction through the formation of numerous 
four-ciliated swarm spores formed inside the vesicle. 

Sexual reproduction not known. 
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RESPIRATION OF AMPHIBIOUS PLANTS 
L SCIRPUS ARTICULATUS LINN. 

BY 

B. Samantarai, m.sc. 

Department of Botany, Ravenshaw College, Cuttack 


Communicated by P, Parija 


Received for puhlicatlon on 23rd April, 1938 


An amphibious plant has two phases to cover its life- 
cycle. The early stage is under water and the later stage is 
aerial or vice versa. The same plant lives quite efficiently in both 
the phases. As respiration affords a convenient key to understand 
the life-activities of an organism, the respiration of an amphibious 
plant throughout its life-cycle was considered worth investigation. 
Moreover people have studied the respiration of aerial plants (7) 
as well as of water plants (4), but there has been no account of 
respiration of an amphibious plant in both . the phases of its life- 
cycle. Of course, there are accounts of aerial organs as to their 
respiration under submerged condition (7), but that only gives 
some idea of respiration under abnormal conditions. This study 
aims at giving an account of the respiration of the plant both under 
submerged and aerial conditions which happen to be normal environ- 
ments to the plant during some stage of its life or other. 

Material 

The plant chosen for the study was Scirpus articMlahis Linn , 
an amphilDious plant belonging to the family Gyperaceae. They 
grow abundantly near \vater edges. There is a marked peculiarity 
in the plant that the leaves are linear borne on a condensed conical 
stem which gives rise to a tuft. of roots. The plant remains in this 
form for nearly a half of its life-cycle, being submerged under 
water. The leaves never come up to air. Later on leaves begin to 
die out and small cylindrical hollow shoots known as scapes 
develop. These scapes contain air and when the plant is matured 
they become completely aerial, the leaves in the meanwhile are 
replaced by scale leaves and the whole plant is nothing but a number 
of scapes. Flowers are borne on the nodal regions of the scapes. 


196 


B,.SAMANTARAI 


For the study of respiration a large number of plants of the 
same age, each in a pot, were kept submerged. , The work was started 
when tile plants were fifteen days old and continued through the 
ontogeny of the plant. 


Method 

As the plant has two phases in its life-cycle, vk,, (i) the sub- 
merged phase and (ii) the aerial phase, the respiration was studied 
by two different methods. For the submergecl phase, the method 
of knowing respiration by the change of pH value of the surrounding 
water as described by Smith (6) was followed and for the aerial 
stage the usual method of absorbing CO 2 by Baryta was adopted. 


1. The pH method , — Here the plants were taken out of water, 
thoroughly washed in tap water and kept in it for two hours to 
allow the plants to get adapted to the new conditions. The pH 
value of the tap water was determined by the use of Phenol red as 
indicator. Ten gms. of plant material was then put in fifty c.c. of 
tap water (the pH of it being known) in a resistant glass tube 
with the indicator (Phenol red) in the prdportion of three drops 
per 10 c.c. of water and then the tube was corked. The pH value 
of the tap water used was 7*6. When the pH value of the water 
in the tube changed to 6*6, which could be determined by comparison 
with a buffer standard, the plants were taken out of that water, 
washed thoroughly and treated as before. Each time, the time 
taken for the change of pH value due to respiratoiy CO 2 was noted. 
By this method a relative idea of the respiration under water from 
day to day could be obtained. From these values the absolute 
quantities of respiratory CO 2 were calculated after knowing the 
amount of CO 2 that was responsible for the change of pH value 
of the tap water from 7*6 to 6*6 by the two following methods: — 

{a) Fifty c.c. of tap water of 7*6 pH with the proportionate 
amount of indicator was taken and definite quantities of CO 2 were 
allowed to be absorbed in the water till the required pH of 6*6 was 
obtained. The weight of CO 2 that gave the required change was 
calculated to be 1*53 mgs. 

CO 2 in mgs. for the 

No. of Expt. definite pH change in Mean 

50 c.c. of water. 


1 

2 

3 

4 

5 


1*53 

1*54 

1*52 1*53 

1*53 

1*53 
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(h) Secondly, in each of two tubes 50 c.c. of tap water was 
taken and in one the proportionate amount of indicator (3 drops 
of 0*01% solution per 10 c.c.) was added and equal quantities bv 
weight of plant material were kept in both the tubes to respire. 
When the definite change to pH 6*6 was reached in the tube 
containing the indicator the plants were taken out. To the water 
of the tube/without the indicator, excess of N/150 Ba {'C)H )2 was 
added to absorb the respired CO 2 together with the C 62 that was 
dissolved before. The excess of Baryta was titrated against a 
standard solution of N/200 HCl. From this the dissolved amount 
of CO 2 was determined. Again, the dissolved CO 2 in the tap water 
was determined by absorbing it by N/150 Baryta, the excess of 
which was titrated against N/200 HCl. From" the difference of 
the two values, the amount of CO 2 responsible for the change of 
pH from 7*6 to 6*6 was obtained. It was found that the value 
thus obtained was the same (1-53 mgs.) as that obtained bv 
absorption method. 


The respiratory values, as has been stated, were recorded in 
time, during wdiich "the definite change of pH value occurred. From 
these values, the amount of CO 2 respired by 10 gms. of plant 
material per hour, every day, was calculated. Thus it was possible 
to obtain an absolute value for respiration under water. 

2. The Baryta method . — Here the value of respiratory CO 2 
was obtained by absorbing the CO 2 in Baryta in petten-koffer titbes 
and titrating the excess of Baryta by standard HCl. When the 
plants became aerial the respiration was obtained by this method. 

The values of submerged respiration and aerial respiration 
showed a very striking difference and to thrown light on this, the 
respiration of scapes in water containing various amounts of O 2 
was studied. The value of O 2 content of water was increased by 
passing O 2 from a cylinder, the amount of O 2 in water being 
determined by Winkler bs method ( 8 ). 

The respiration of scapes, free from air {i.e., injected with 
water) was also studied to find out any relationship of air content 
of the scapes with the respiration intensity. For similar reasons 
also, the rate of growth of the scapes w^as observed from day to 
day. 

The experiments were carried on under constant temperature, 
vw., between 30 degrees centigrade and 31 degrees centigrade. ^ The 
growth rate was recorded when the plant was growing in its 
natural surroundings. 

.9 , ■ 
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Results 

The results are represented graphically and in tabular forms. 

TABLE 1 

Respiration of the plants under water for 41 days since the 
15th day of their age. 

Days Mgs. of CO 2 per hour | Days Mgs. of CO 2 per hour 



per 10 gms. of plant 


per 10 gms. 0 


material. 


material. 

1 

4-602 

22 


2 

4-054 

23 

2-789 

3 

3*835 

24 

2-789 

4 


25 


5 

3-567 

26 

2-931 

6 ■ 

3-196 

27 

2-876 

7 

3-068 

28 

2-856 

8 

2-988 

29 


9 

2-876 

30 

2-789 

10 

2-876 

31 

2-789 

11 


32 


12 

2-876 

33 

2-789 

13 

2-848 

34 

2-823 

14 

2-823 

35 

2-789 

15 


36 


16 

2-789 

37 

2-707 

17 

2-876 

38 

2-556 

18 


39 


19 

2-876 

40 

2-422 

20 

2*789 

1 41 

2-301 

21 

2-853 





hig. 1. Showing respiration of the subrnerged plants, beginning f rom the 15th 
day of their age. 


1 


RBSPI RATION OF AMPHIBIOUS PLANTS 199 

TABLE 2 

Respiration of submerged scapes beginning from the time when 


I they were 3 days old. 


Days 

Mgs. of 
per 10 

CO 2 per hour 
gms. material. 

Days 

Mgs. of CO 2 per hour 
per 10 gms. material. 

1 


3-068 

9 

4*844 

2 


3-285 

10 

4-602 

3 



11 

4-602 

4 



12 

4-468 

! ■ 5 


4-002 

13 

4-428 

6 


4-72 

14 


7 



15 

4-403 

S 


5-113 ! 
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TABLE 4 

Respiration of scapes in various percentages of O 2 in water, 
given in mgs. of CO 2 per hour per 10 gnis. material 


Boiled ^ tap 
water i.e., in 
0% O 2 

2-51 

2-51 

2-57 

2-51 

2-46 

Mean 2-512 


Tap water 
le., 0-56% 
O? 

3-99 

3-99 

4*1 

3*99 

4*1 

4*03 


Water con- 
taining 
1*56% Oi> 

4*6 

4-55 

4-65 

4*65 

4*55 

4-6 


Water 
containing 
2*41% O 2 

4*909 

5*14 

4*909 

4*909 

5*139 

5*0 


Aerial 

respiration. 

5 • 346 
5*354 
5*352 

5 -348 

5*35 



TABLE 5 

Respiration of air free scapes in various percentages of O 2 
given in nigs, of CO 2 per hour per 10 gins, material 


Boiled tap water 

Tap water 

Oxygenated water 

0% O 2 

0*56% O 2 

1*56% Oi> 

2*65 

3*72 

4*38 ' 

2*66 

3*8 

4*29 

2*64 

3*68 

4*325 

2-7 

3*77 

■ 4*32 ' 

2*69 

• 3*75 

■ 4*35 ' . 

: 2*52 

3*73 

. '■ ■ , ■ 4*329' ^ 

Mean 2*643 

3*79 

■ . 4*33 ■ 


202 


B, SAMANTARAJ 


TABLE 6 

Rale' of growth of the scapes, beginning from the 3rd day 

of their age. 


Days 

Rate of growth per 
two days in cms. 

1 

0*5 

3 

1-7 

5' 

2*7 

8 

5-2 

10 

3-6 

12 

2-9 

14 

1-8 

16 

0*9 

18 

0-4 

20 

0-4 



Fig. 5. Showing rate of growth in length of the scapes since they were three 
days old. 
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From the graphs and the tables it is dear that the plant uiider 
submerged conditions has high respiration at the early stage and 
then comes to the level phase, during which the march of respiration 
remains steady for a pretty long time and after tliat the res|)iratioi] 
falls off. A similar fate is to be met with in the case of ^capes 
respiring under water — a rise with level phase. During the aerial 
life of the scapes, the level phase which is attained, after the sub- 
riierged stage, continues for a longer time, when again, there happens 
a gradual rise in respiration at the fl(')wering period of the scapes. 
After this the respiration falls off. But a peculiarity that one 
notices in the respiratory curve of the aerial scapes is this that the 
rate of respiration in its level phase is greater than that luider 
submerged conditions, i.e., the level phase attained in air is higher 
than that ol)tained under water. This is all about the difference 
between the respiration in both its phases of life-c}'de of an 
amphi})ious plant. 

Now. when we turn to the respiratory \-alues of the scapes in 
water containing various percentages of O 2 , the experiments tliat 
were chiefly undertaken to clarify, if |)ossible, the ditterences as 
shown above, it is seen that the respiratory value goes on increasing 
with the increase of oxygen concentration of the water, till the 
concentration of oxygen reaches 59A Same thing happens in the 
case of air free scapes, though the respiratory value is less than 
that in normal scapes, /.c.,. .scapes containing air in intercellular 
spaces. 

Again, looking at the growth curve, we find that during the 
early period the growth rate is greater, f.c., the rate rises quickh' 
and then descends and keeps up a uniform rate after a period of 
20 days. 

Discussion 

One interesting point that emerges from the investigations is 
that the respiration under water is limited by O 2 supply. As the 
absorption coefficient of O 2 in water is very low, f.c., 2*6% at 
30° C. and 2-3fc at 40° C., the O 2 available to the plant is very 
meagre. So, it can be said that the respiration that is taking place 
under water is mostly anaerobic. In the case of Scirpus articidatus, 
we find increased respiratory activity with the increase of O 2 con- 
centration in the water in which the plant respires. In our case 
the scapes that had low respiratory values under water had a higher 
respiratory value when they became aerial and in that case the high 
value of respiration can thus satisfactorily be ascribed to the 
increase of O 2 in the surroundings of the plant, f.c., air. 

Besides this the high value of respiration during the early 
periods may be ascribed to growth. Again, the respiration of the 
submerged scapes is greater than that of submerged plants before 
the scapes are formed. This also is due to greater O 2 content of 
the hollow scapes. In our experiments it is seen that air free scapes 
(scapes injected with water) have lesser respiration than normal 
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scapes. ^ This, surely, supports our opinion as to the higher 
respiration of the submerged scapes than that of the submerged 
plants. 

Therefore, lastly, in concluding, we can say that the difference 
that we come across in the respiratory value of the plant in the 
submerged and aerial stages is due to oxygen concentration. In 
a case of submerged phase oxygen concentration limits the res- 
piratory activity, which rises in air due to increased oxygen 
concentration. 

In the end, I take this opportunity to tender my thanks to 
Professor P. Parija, m.a. (Cantab), LE.S., for his keen interest 
and A^'aluable suggestions in the work. 

Summary 

1. The material and the methods of finding respiration are 
described. 

2. Respiration during the submerged phase is determined by 
the pH method. 

3. Respiration of submerged scapes is recorded by the same 
pH method. 

4. The aerial respiration of the scapes found out. 

5. Respiration of scapes under water in various percentages 
of Oa investigated. 

6. It is found that the aerial respiratory values of the scapes 
are greater than those of the submerged phase. 

7. This difference is ascribed to the low concentration of 
dissolved oxygen in water. 
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In this the third and last part of these contributions are 
enumerated the remaining species of Professor Iyengar^s collec- 
tions which I have been able to determine. Owing to the lack of 
sufficient material, there being often only a single specimen of each 
species, the determinations have often been di&ult and somewhat 
uncertain, especially in the case of critical and polymorphic forms 
of which a large number of specimens are necessary in order to 
give an account of the variations. I wish to thank Professor 
Iyengar once more most heartily for his kindness in entrusting 
me with the work of determining his collection, as it is always 
very interesting to be able to work on the flora of a more or 
less unknown area. Professor Iyengar has taken very great 
interest in my algological researches in South-India. He met 
nie at Karvar and later on during .my stay at Tuticorin very 
kindly arranged for boats and a good working place also there. 
But for his kind help, I am afraid the result would have been 
very meagre. 
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Besides Iyengar’s collection and my own from Tuticorin, 
I have received from the British Museum (Nat. Hist.), London, a 
collection of South-Indian algae for determination. The main 
part of this consisted of specimens collected by Professor 
Iyengar and presented by him to the British Museum. Included 
in this collection was a small one by Edgar Thurston most of the 
specimens of which were from the Madras beach and a few from 
Tuticorin. 

Finally Professor W. Randolph Tayeor, Ann Arbor, 
Michigan, has been kind enough to send me a small collection of 
South Indian algae for determination.' Most of these specimens 
were collected near Trivandrum, Travancore, and a few were 
from Krusadi Island, Pamban. 

Of the Ph^eophycese and the Rhoclophyceae, (as mentioned 
already in the previous parts, Professor Iyengar wishes to in- 
vestigate the Chlorophycese himself), I found in all 38 species of 
the former and 114 species of the latter, but after investigations 
of new material from South Indian shores the number is 
sure to be highly increased. The species of Sargassum are not 
included in the present list. Professor Iyengar’s collection of 
this genus has been determined by Professor W. A. Setchell 
and is now at Madras. 

Even if it is of course a little too early to say anything 
about the geographical position of the South-Indian algal 
flora, I wish to point out that several species, as might be 
expected, are also found in the flora of Ceylon as well as in the 
flora of the Indian-Malayan Archipelago, On the other hand 
many of the species found in the northern part of the Arabian 
Sea are not met with in the southern part of India. 

Dr. H. E. Petersen has most kindly determined the speci- 
mens oi Ceramhim which I have come across in the material. I 
wish to thank him most sincerely for doing this for me. 

As I intend to stop, at any rate temporaxuly, my investi- 
gations of Indian algae, I wish to thank all those who kindly sent 
me material of Indian algae and other material for purposes of 
comparison and who have helped me in other ways, for all their 
kindness. 

I wish to add that the habit illustrations in this part have for 
the most part been drawn by the young artist, stud. mag. 
H. Hovring and a few by Miss Ingeborg Frederiksen. 

To the Trustees of the Carlsberg Foundation I 
am greatly indebted for a grant, especially for the preparation 
of the dfawings/ 

Copenhagen in January 1938, 
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PH^OPHYCE^ 


I. Ectocarpales 

Fam. 1 . Ectocarpaceae 
Hecatonema Sauvag. 

1. Hecatonema sargassicola nov. spec, 

Froiis plana, ca/2 mm. alta, maculas plus minus expansas, 
irregulares in foliis Sargassi format. Stratum basale unistratum 
composituin ex filamentis horizontalibus irregulariter ramosis et 
sinuosis, inter se conjunctis, articulatis, articulis, diametro (6-7g 
longo) plus minus longioribus. Fila erecta dense aggregata, 
brevia aut longa, ad 2 mm. longa et 6-7/i crassa, sporangia 
seriata aut sparsa aut terniinalia gerentia. Sporangia plurilo- 
culariasessilia aut pedicellata, oblonge ovata, ca. 10-13// longa et 
8-11// lata. 

India: Cape Comorin, Oct. 1924, leg. M. O. P. I. 

This plant forms quite low, soft and dense expansions upto 
about 2 mm. high on the leaves of a Sargassum. The tufts may 
cover nearly the whole leaf of the host plant and are very 
irregular in" shape and become most probably enlarged owing to 
the growing together of several small tufts. 

The base (Fig. la) consists of creeping filaments, which 
near the edge are more or less free but later coherent. They are 
composed of irregular roundish-oval or elongated cells about 
6~7fi broad and upto 15// long and 7// high. From the cells in this 
disc the erect filaments grow up. Most of the filaments become 
long, but some remain short, being composed of only a single or 
a few cells, the uppermost of these cells being transformed into 
a plurilocular sporangium (Fig, la). The long assimilating 
filaments reach a length of up to about 2 mm. and are 6-7// thick, 
and consist of cells 10-20// long. The cells contain one or more 
parietal irregularly shaped chromatophores. These were very 
much damaged as they had been kept for a long time in formalin. 
Up along the assimilating filaments, often from near their base, 
but generally in the middle, plurilocular sporangia are developed. 
The sporangia are sometimes sessile (Fig. Id), but most often 
pedicellate, the stalk being composed of a single or two to three 
cells (Fig. lb, c). They are as a rule placed unilaterally' up 
along the filaments, a sporangium being developed from nearly 
every cell in the filaments (Fig. lb). The sporangia, however, 
are also often irregularly alternating or scattered (Fig. Ic). 
Only -plurilocular sporangia are found. They are oblong-oval in 
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shape and about i0-13^along and broad. When a sporangium 
is emptied, a new one is often developed from the base of the old 
one, and as this process may take place several times, the walls 
of the previous sporangia are often found surrounding the last 
sporangium (Fig. la, c). The terminal cells in the long assi- 
milating filaments are often transformed into a sporangium 
(Fig. If) . Once near the apex of a filament, I found a cell 
which was transformed into a sporangium (Fig. Ig), but this I 
am sure is quite an exceptional case, 



Fig. 1 . — Hecatonema sargassicola nov. spec, a, base of a piece of a 
plant in transverse section; 6, c, parts of filaments with sessile or 
pedicellate plurilocular sporangia; /, terminally placed sporangium; s', an 
intercalary sporangium, a, e, X 600; b, c, d, /, g, X 450. 

As said above, the sporangia may sometimes have a short 
stipe composed of a few cells, but real branches growing out to 
long filaments like the mother filaments were not observed by me. 
I have been looking in vain for hairs. These are evidently 
completely wanting. 

This species seems to be rather closely related to a plant 
which in The Marine Algae of the Faeroes (Botany of the 
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Faeroes, part II, Copenhagen 1902, p, 424, fig. 79) I have called 
M yrionema faeroense, but which quite recently in agreement with 
our present definition of these forms by Levring in his valuable 
paper, Zur Kenntnis cler Algenflora der norwegischen Westkiiste, 
p. 4", is referred to the genus Hecatonema. It is, however, easy 
to separate the Faeroese plant from the Indian one owing to its 
much longer, elliptical-cylindrical, plurilocular sporangia. The 
Indian plant has no hairs and neither did I find any in the 
Faeroese materiaL examined by me, but Levring found hairs in 
the specimens from the West coast of Norway referred by him to 
H ecatonema faeroense. 

II. Sphacelariales 

Fam. I. Sphacelariacese 
Sphacelaria Lyngb, 

1. Sphacelaria tribuloides Menegh., Lett, a Corinaldi, 
p. 2, n. 1 (after IOe-Toni, Syll. Alg. vol. Ill, p. 502). Sx\uva- 
GEAU, Remarcj[ues sur les Sphacelariacees, p. 123, figs. 28-29 
(Journal de Botanique, vol. XV, 1901). 

On an old battered and undeterminable stem of a fucaceous 
plant cast ashore on the beach at Madras some small tufts of this 
species were present. The plant had propagula and a few unilo- 
cular sporangia. Sphacelaria f urcigera Kiitz. mentioned in Part 
I, p. 359 of these Contributions was found intermingled in the 
tufts. 

India: Madras Beach, Febr. 1900, coll, by Edgar Thurs- 
ton no. 73 (in the British Museum, Nat. Hist., London), 

D i s t r. : Most warm and temperate seas. 


RHODOPHYCE^ 

I. Nemalionales 
Fam. 1. ChaetangiaceSB 
Scinaia Bivona. 

1. Scixiaia bengalica Boergs., Two species of Scinaia f rom 
South-India (Botaniska Notiser, Lund 1938, p. 89). 

India: Madras Beach, Febr. 1900, collected by K. Ranga- 

CHARY. 

2. Scinaia carnosa Harv. cfr. Boergesen, I. c. p. 94. 
India: Cape Comorin, Sept. 1900, leg. M.O.P.I. 

D i s t r. : Ceylon, South India. 
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II. Gelidiales 
Fam. I. Gelidiaceie 
Gelidiella Feldm. et Hamel. 

1. Gelidiella Bometii (Web. v. B.) Feldm. et Hamel in 
Revue Gener. cle Bot., t. 46, 1934, p. 528. — Gelidmm Bornetii 
Web. V. B., Algues de 1, expedition danoise aux iles Key 
(Vidensk. Medd. Dansk naturh. Foren., vol. 81, Koebenhavn 1926, 
p. 107). 

A small Gelidiella (Fig. 2) creeping on a piece of Lithothainnion 
seems to agree quite well with Mine. Webern's description. The 
decumbent creeping filaments are fixed to the substratum by 
means of vigorous rhizoids. From the basal part the erect 
filaments arise reaching a height of about 3-5 mm. The filaments 
are about 100-200/^ broad and in the fruiting parts up to ISOji or 
more. In tranverse sections, they are more or less oval, showing 
that the thallus is somewhat compressed. They become more so 
in the upper fruiting parts. In the lower parts of the filaments 
the cortical cells are quadrangular, higher up they are roundish 
and somewhat smaller. They are rather distinctly seriately 
arranged. 

While Mme. Weber’s specimens were sterile, the specimens 
examined by me had tetrasporangia. These occur crowded 
together in roundish-oblong clumps in the upper somewhat 
broadened and flattened ends of the erect filaments. The diameter 
of the tetrasporangia is about 27/f. In a later paper (Resuitats 
Scientif. du Voyage aux Indes orient. Neerlandaises, etc. 
publics par V. van Straeeen, vol. VI, fasc. 1, Algues. 
Bruxelles 1932, p, 20, pi. Ill, fig. 5-6) Mme. Weber points out 
that the thallus traverses the body of the corals. The 
specimen seen by me was as mentioned above growing on a piece 
of Lithathamnion, and, because of the scarcity of the material I 
had for examination, I was not able to see if the plant was able to 
penetrate the thallus of the alga. 

In its size, manner of growth and general habit, this plant 
reminds one of Gelidiella tenuissima Feldm. et Hamel, Gelidiales 
(Revue Algologiques, t. IX, 1936, p. 226, figs. 11-12), but the 
Indian plant is easy to recognize owing to the different arrange- 
ment of its tetrasporangia, these being - seriately arranged in 
Gelidiella tenuissima. 

I n d i a : Krusadi Island, Sept* 25, leg. M. O. P. I. (no. 55). 

D i s t r. : Kei Islands. • 

2, Gelidiella myrioclada (Boergs.) Feldm. et Hamel, 1. c., 
p. 529.—Echmocdulon myriocladum Boergs. in Kew Bull., 1934, 
p. 5, figs. 4, 5. 
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3. Gelidiella acerosa (Forssk.) Feldni. et Hamel, Obser- 
vations stir quelques Gelidiacees in Revue Gen. de Bot., t. 46, 
1934, p. 528. Boergesen, Mar. Algae from Ceylon, p. 80— Fuciis 
acerosus Forssk., FI. .'Flgypt-Arab. (1775) p. 190. Echinocaulon 
acerosum (Forssk.) Boergs., Revision Forssk. Algae p. 5. Fuchs 
rigidus Skrivter of Naturh.-Selskabet vol. 5, Kiobenhavn 

1802, p. 46. Gelidhwi rigidum Grev. in Montagne, Algites de 
Cuba, p. 45. 

India: Krtisadi Island, May, 1924, leg, M. O. P. I. 

D i s t r. : Most warm seas. 


Gelidiopsis Schmitz. 

1. Gelidiopsis variabilis (Grev.) Schmitz. 

To this species mentioned in part II of these contributions I 
believe a slender form collected by me on the shore of the Hare 
Island near Tuticorin is to be referred. The tufts reach a height 
of 3-4 cm. and the filaments vary in breadth from about 500// in 
the thicker ones to about lOOg in the thin ones. In List mar. Alg. 
Bombay, p. 44, I have mentioned a similar small form. 

India : Tuticorin, Hare Island, March 1928 ( ! ). 

D i s t r. : Indian Ocean. 


Gelidium Lamour. 

1, Gelidium micropterum Kutz., Tab. Phycol., vol. 18, 
p. 21, pi. 59. Cfr. Gelidium corneimi (Hiids.) Lamour. in 
Contrib. to a South Indian marine algal flora, I, p. 46. 

There has been for quite a long time considerable doubt as 
to which plant exactly the Fuciis corneus Huds. {Gelidium 
corneum) refers. Owing to this uncertainty, De-Ton i in 
Sylloge gave up; altogether employing this name. In 1931 
Setchell* undertook a very thorough examination and 
after jaiuch investigation arrived at the conclusion that 
a specimen of . Buddee’s in Herb. Seoane at the British 
Museum should be the type specimen of Fiicus corneus; 
but alas, this., specimen was a form of Gelidium sesqiiipedale 
Thuret and did not belong to any of the forms (especially of 
Gelidhim ptilchellum and G. latifolium) which have been consi- 
dered to be Gelidium corneuni. Because of his discovery 
Setcheee is of opinion that G. sesquipedale Thuret ought to be 
called by Hudson's name. Against this the French algologists 
Feedmann and Hamee, who have contributed so much to our 
knowledge of the Gelidiales, have protested in a recent paper, 


Setchell, W. a. Some early algal Confusions (University of Calif. 
Publicat. in Botany, vol. 16, 1931, p. 358). 
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Floridees de France. Gelidiaks, in Revue Algologiqiiej t, IX, 
p. 230. They point out that taking up for Gelidinui sesquipedaie 
the very ambiguous name corpieiiiu as proposed by Setchell 
will be a source of constant mistakes and confusion, and 
they think it would be best to let the name sink into ol)Iivioii for 
ever. 

I refer the reader to FeedMxVNN and Hamel's papers as well 
as to that of Setchell, so that I need not go into details regarding 
this question, but I wish to point out that, in agreement with the 
above mentioned authors, it seems better to give up using the 
specific name 'U'ornenm '\ at any rate for the plant, which in the 
first part of these Contributions, p. 46, and in List mar, Alg. 
Bombay, p. 43, and in Some Marine Algae from Ceylon, p. 80, has 
been called by the specific name corneiim and instead to take up 
Kutzinc/s name Gelidhtm micropterum with the figure of which 
the specimens from India and Ceylon agree very well. 

India : Cape Comorin, Sept, 1924, leg. M.O.P.L 

D i s t r . : Cape, India. 


III. Cryptoneiniales. 

Fam. 1. Corallinaceae. 

Amphiroa Lamour. 

!• Amphiroa fragilissima (L. ) Lamour., Flist. Polyp. 
Corallig. Flexib. p. 298. Areschough in J. Agardh, Spec. Alg., 
p. 531. Weber vAn Bosse, and M. Foslie.* The Corallinacece of 
the Siboga-Exp. p. 89, pi. XVI, figs. 1, 2, 5. — Corallina 
fragilissima L., Systema Nat., ed. 12, I, p. 1305. 

India: Pamban, Oct. 1922, leg. M.O.P.L 

D i s t r. : Much distributed in warm seas. 


Cheilosporum Aresch. 

1* Cheilosporum spectabile Harv., Friendly Island AIgse 
no 31 (nomen nudum), Grxjnow% Alg. Fidschi, etc. p. 41. 
Weber van Bosse and Foslie The Corallinaceae of the Siboga- 
Exp., p. 106. 

Some specimens found at Karvar agree very well with the 
form found by me at Bombay; compare the figure 23 in List 
mar. xA.lg. Bombay ’C p. 51 — -52. The specimens were sterile. 

India : Karvar, Febr. 1928, leg. M.O.P,I., (I). 

D i s t r, : Malayan Archipelago, Bombay, Polynesia. 
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Jania Lamour. 

1. Jania rubens (L.) Lamour.^ Hist, Polyp. Corallig. 
Flexib., p. 272. Areschough in J. Agardh, Spec. Alg., 11, p. 
557.- Kutzing, Tab. Phycol., vol. VIII/ tab. 84. 

A few specimens in Iyengar’s collection seem referable to 
this species; the thallus is about 120-150^w thick. 

India : Cape Comorin, Sept. 1924, and Krusadi Island, 
on coral stones,” leg, M.O.P.L 

D i s t r. : Seems to be much distributed in warm seas. 


Fam. 2 Grateloupiacese 
Halymenia Ag. 

1. Halymenia dilatata Zan. in Flora, 1851, p, 35 ; Plant, 
mar. Ruhr. enum. p, 72. tab. Ill, fig. 1. J. Agardh, Analecta 
Algologica, 1892, p. 53. Okamura, leones, vol. IV, p. 109, pi. 176 
et 177, figs. 3-4. 

From Mai van I have seen a dried female specimen which 
agrees very well with Zanardini’s description and figures with 
the exception of the thallus not being maculated. A transverse 
section of the thallus shows that, under the rather thin cortical 
layer composed of small roundish or oblong cells, thin irregularly 
bent filaments run in all directions into the slimy interior. But I 
have not seen any authentic specimen for comparing with it. 

The specimen was collected and most kindly sent to me by 
Mr. S. C. Dixit, Bombay. 

I wish to add that in the collection of the British Museum 
(Nat. Hist.) a single small specimen is present which agrees fairly 
well with Zanardini’s figure in having a maculated thallus, but 
the structure of the thallus is different from that of the above- 
mentioned specimen from Mai van, since its cortical cells are 
much larger, the filaments in the interior are few, and, when 
soaked in water, the transverse sections are slow to assume their 
natural size. This specimen is tetrasporic, the tetrasporangia 
being cruciately divided. It was collected at the Madras Beach, 
Febr. 1900. Coll. Edgar Thurston (no. 76).' If the first 
mentioned specimen is correctly named, thus belonging to 
Halymenia dilata, the latter is surely another species, but, in 
order to decide this, more and better preserved material is 
necessary 

D i s t r. : Red Sea, Somaliland, Malayan Archipelago, 
Japan. 
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Grateloiipia C. Ag. 

!• Grateloiipia filicina (Wiilf.) Ag., compare Boerciesen, 
Mar. Alg. Bombay, p. 53, where literature is quoted. 

Specimens with tetrasporangia were gathered in February, 
1928. " , “ 

India: Tiiticorin, M. O. P. L 

D i s t r. : Most warm seas, 

2. Grateloupia lithophila nov. spec. 

Frondes c^espitoscC, pi ante, undiilat^e et siniios^e, lanceolate- 
lineares, ad 12 cm. altae et ca. 1-1 cm. latte, a media parte 
iitrinque attenuatce, simplices aut irregiilariter divisay marginibus 
iiudis, aut in superiore parte thalli, ubi thallus sape triincatiis est 
prolificationes gerentia. 

Substantia, ut Addetur, gelatinose-membranacea, specimina 
exsiccata charta arctius adhcerent. Color brimneo-olivaceus in 
violaceum transiens. 

Tetrasporangia cruciatim divisa per totam frondem sparsa. 

India: Madras, Jan. 1926, leg. M.O.P.L no. 370 (type) ; 
ibid, Febr. 1900 leg. K. Rangachary (specimens in Herb. 
Iyengar and in the British Museum (Nat. Hist.). 

The plant (Plate VII) grows in tufts upon stones near the 
shore and reaches a height of about 12 cm. ; the breadth of the 
thallus varies very much from about ^-1 cm. The thallus is 
simple or divided, linear-lanceolate, tapering from the middle to- 
wards both ends ; it is flat and more or less sinuate and 
undulating. The upper ends of the fronds are often truncate 
becoming more or less broadly rounded, and from the upper 
ends of these fronds proliferations are usually given out; 
otherwise the margins are as a rule bare. 

The colour of the dried specimens are mostly dark olive- 
brown with an occasional tinge of violet. The plant adheres 
strongly to paper and when alive is sure to have been slippery. 
Only tetrasporic specimens are present; the tetrasporangia are 
cruciately divided and scattered over the surface of the plant. 

As to the shape of the thallus this species seems to have an 
intermediate position between Grateloiipia prolongata J. Ag. and 
forms of Grateloupia cuneifoUa J. Ag. with narrow leaves. De- 
Toni in S 3 dloge IV, p. 1565, mentions that Grateloupia prolon- 
gata, according to Piccone, was found at Colombo, Ceylon. The 
plant referred to by Piccone is most probably the same as the 
one described here. This species seems also to resemble 
Gf. furcafa Holmes, but, according to the description, Hoemes's 
plant, of which I have seen no specimens, is rather regularly 
dichotomously divided and does not taper towards the apex and. 
if so, only very little. 
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3. Grateloiipia Comorinii nov, spec. 

Frondes usque ad 30 cm. altse, gelatinose-carnos^e, memf3ran~ 
acese, a disco parvo basal i solitari^ aut gregatim proveniunt, 
simplices aut plus minus divis^ae, denique saepe valde irregulariter 
formatse. 

Froiis basi late cuneata, nunc oblonge-lanceolata, nunc late- 
obovata, siiperne s^epe plus minus truncata, marginibus sinuosis 
et undulatis, integerrimis aut hie illic prolificationes numerosas 
gerentibns. Color brunneo-violaceus. 

Tetrasporangia cruciatim divisa per totam frondem dispersa. 

India: Cape Comorin, Sept. 1924, leg. M.O.P.I. no 274 
(type). 

From a small basal disc a very short stripe arises which 
immediately is broadened out making an even transition into the 
leaf-like frond; in some cases a few (2-4) fronds issue from 
the disc or from the lowermost part of the stipe. The base of 
the frond is cuneate, but otherwise the shape of the plant (of 
which I have seen altogether 7 specimens) varies very much 
(Figs. 3 and 4). In some of the specimens it is elongated- 
obovoid and gradually tapering upwards, in others rather 
abruptly truncate, whicli is due probably to some sort of damage. 
The upper margins in these truncate specimens are more or less 
deeply sinuate or laciniate (Fig. 3). In one specimen the frond 
was rather deeply divided into two halves. The margins of the 
thallus are more or less sinuate and undulating. While some of 
the specimens are quite or almost completely destitute of proli- 
ferations having an entire and even margin (Fig. 4), others have a 
great number of Smaller or larger proliferations developed 
generally somewhat above the base. These proliferations are, 
however, most numerous and vigorous along the upper margins 
of the truncate specimens (Fig. 3). 

To illustrate the size of the plant, I wish to give here the 
measurements of some of these. A small specimen (Fig. 4a) 
with an oblong elongated frond tapering gradually upwards and 
with nearly entire margins was 14 cm. long and 5^ cm. at its broad- 
est, which is 4*1 cm. above the stipe. Another larger specimen 
(Fig. 4b) with an oblong-linear frond and rather undulated margins 
and a few rather large proliferations was 31 cm. long and about 
6 cm. broad. The specimens with truncate ends were propor- 
tionately much broader ; thus the frond in the specimen shown in 
Fig. 3 was 16 cm. long and 1T| cm. broad near its upper end 
at its broadest. 

The proliferations are generally elongated ellipsoidal and 
have often rather broad bases tapering from the middle towards 
the generally acute summit. Their size varies much from quite 
a small one up to about 2 cm. long and | cm. broad or a little 
more. 
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Judging from the fact that the plant adheres strongly to 
paper, the thalliis must have been mucilaginous and slippery. The 
colour of the dried plant is brownish-purple with dirty yeilow- 
greeiiish spots, especially in the basal parts. The sporangia are 
developed in the cortical layer and are scattered over the thalliis ; 
they are cruciately divided. 

This species differs from Grateloupia CuflericE (Bind.) Kiitz. 
(comp. De-Toni, Syll. IV, p. 1569} in having a different shape of 
the thalliis and in the absence of proliferations on the surface of 
the thallus and also in the broadly cuneate base above the stipe. 
Grateloupia Watfli Holmes (in Journ. of Botany, vol. 38, 1896, 
p. 351) from Verawal, Kathiawar, India, diff'ers according to 
the description in its palmately divided thallus having only a 
very few proliferations. The size of Gr, JVattii is not mentioned 
in the description. Grateloupia iudica Boergs. (Kew Bulletin, 
1932,3, p. 119) differs in its much larger, oblong-linear thallus 
which often is much divided, in its often perforated thallus and 
also in its proliferations being formed only occasionally. 


iV. Gigaiiinales 

Fam. 1 . SolieriaeesB 
Sarconema Zan. 

1. Sarconema furcellatum Zan., PI. Mar. Ruhr, Eiium., 
p. 56, pi. 8. 

A single rather robust specimen is perhaps referable to this 
species. Its thallus reaches a breadth of 1| mm. The filaments 
are only furcated a few times with long distances between the 
furcations. In the upper parts of some of the branches densely 
placed proliferations are present. The specimen is tetrasporic. 

India: Cape Comorin, Sept. 1924, leg. M.O.P.I. (no. 296 A). 

D i s t r. : Red Sea, Arabian Sea. 

2. Sarconema filiforme (Sond.) Kylin, Die Florideenord- 

nung Gigartinales (Lund’s Univ, Arskr. N.F. Avd. 2. vol. 28, 
Nr. 8,. p. 22, 1932). ■ ' A 

A piece of a plant -with repeatedly and regularly furcated 
thallus is most probably referable to this species; its thallus near 
the base is about 1 mm. thick tapering slowly upwards to about 
half that size. It resembles very much the specimens I have 
gathered at Bombay and referred to this species (Kew Bulletni 
1934, p. 11). 

India; Cape Comorin, Sept. 1924, leg, M.O.P.I. (no. 286 B). 

D i s t r. : West Australia, Arabian Sea. 
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Fam 2 . Rhodophyllidacese 
Calliblepharis Kiitz. 

1. Calliblepharis Jubata (Good, et Woodw.) Kiitz. ^ 
Phycoi. gen. p. 404; Tab. Phycol. vol. 18, pi. 13 a, b. J. Agardh, 
Spec, Alg. II, p, 620; Epicr., p. 433— jubatus Good, et 
Woodw. in Linn. Transact, vol. Ill, p. 162, pi. 17, fig. 2, London 
1797. For more literature compare De-Toni, Syll. Alg., vol. 
IV, p. 466. 

In a collection of some Indian algae belonging to the Univer- 
sity of Michigan and sent to me for determination by Professor 
W. RANDOiyPH Taylor, Ann Arbor, a fine well prepared specimen 
is present showing a very great likeness to this plant. 

In shape it agrees completely with specimens from the 
Atlantic shore of France collected for instance by Thuret or 
Le Joeis. The specimen is 24 cm. high and much divided with 
narrow, up to 7 mm. broad, segments up along the margins of 
which numerous proliferations are present ; such proliferations 
are found on the flat sides of the thallus also. The specimen is 
tetrasporic. The zonately divided tetrasporangia are found both 
in. the main lobes and in the proliferations, the plant in this 
respect seeming thus to have an intermediate position between 
Cdlliblepharis ciliafa (Huds.) Kiitz. in which species the tetras- 
porangia occur in the frond ('"sphaerosporis in fronde aggregatis,” 
cfr. J. Agardh, Epicrisis, p. 433) and Calliblepharis jubata where 
they occur in the proliferations sphaerosporis in ciliis nunie- 
rosis cfr. J. Ag., 1 c.). The specimen as mentioned above agrees 
in its shape so well with the last mentioned species that I have 
referred it to this species until more, also cystocarpic, specimens 
can be examined. But the occurrence of such a characteristic 
plant so far from its previously known area of distribution may 
of course arouse some doubt as to the correctness of its determi- 
nation. 

In the northern part of the Arabian Sea, Calliblepharis 
fiinbriata seems to be common to judge fi*om the rather numerous 
specimens I have seen in collections from that place, but I have 
not come across any specimens of Calliblepharis jubata there. 

The plant was collected by E. W. Ereanson at Trivandrum, 
Travancore. No dates are given, but Ereanson together with 
E. K. Janaki has gathered several other algae, e.g., Chondria 
armat a in that locality in Jan. 1934 and the Calliblepharis was 
most probably collected in the same month. 

D i s t r .: Atlantic shores of Europe from Scotland south- 
wards to Morocco; Mediterranean Sea, 
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Fani. 3. HypneacesB 
Hypnea Lamour. 

1* Hypnea mtisciformis (Wulf.) Lamour. Cfr. Boergesen, 
Contributions, I, p. 47. 

A few more specimens of this species most probably common 
along the Indian coasts are found in Iyengar's collection. 

India: Cape Comorin, Pamban, leg. M.O.P.I. 

Di s t r . : Most warm seas. 

2. Hypnea valentiae (Turn.) M’ont. Cfr, Boergesen, Lc. 
p. 47. 

Several other specimens of this highly A-ariable plant are 
found ill Iyengar’s collection. Referring the reader to my 
remarks (lx.), I wish to add that some of the specimens mentioned 
there, especially those referred with reservation to H. spicifera, 
might also be compared with H. flageUifonms Grev. collected by 
Wight at ]\Iadras. Of this plant I have seen specimens in 
J. Agardh’s herbarium in Lund. Its numerous quite short 
branchlets which are protruding on all sides and covering the 
filaments quite densely are characteristic of this plant. But no 
specimens quite like those in J. Agardh’s herbarium are found in 
IyENG 2 \R’s collection.^ 

I n d i a : Tuticorin, Hare Island ( !). Krusadi Island, Paniban, 
leg. M.O.P.I. 

D i s t r . : Most warm seas. 

Fam. 4. GracilariaeesB 
Gracilaria Grev. 

1. Gracilaria confervoides (L.) Gi'ev., Alg. Brit., p. 123. 
J. Ag., Spec. p. 587 ; Epicr., p. 413. Harvey, Phycol. Brit., t. 
65 . — Fucus cohfcrvoides L. Spec, plant., 11, p. 1629. Turner, 
Fuci, tab. 84. For more literature comp. De-Toni, Syll. Alg,, IV, 
p. 431. 

Some specimens in IyENGAR'’s as 'well as in my own collection 
are, I think% referable to this species. Specimens altogether 
typical I have not seen, and I think it is difficult to separate them 
from Cracilaria lichenoides. 

I 11 d i a : Tuticorin, Hare Island, Febr. 29, female speci- 
mens, leg. M.O.P.I., (1); Krusadi Island, Apr. 1924, leg. 
M. O. P. I. ; Pamban, Oct. 1922, leg. M. O. P. 1. 

D i s t r . : Much distributed in warmer seas. 


wish to point out also that Wight at Madras has found another 
Hypnea, H, nigrescens (Grev.) J. Ag. (Alg. Liebmann, p. 14; Spec. Alg, 
vol. IL p. 443), No specimens of this species, which is represented in 
J. Agardh’s herbarium, Lund, are found in Iyengar’s collection. 

2 
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2. Gracilaria disticha J. Ag., Spec. Alg., II, p. 594 ; Epicr. 
p. 416. SphcBrococcus distichus J. Ag., Aig, Rueppei, p. 172. 

A few specimens in Iyengar's collection seem referable to 
this species. I have compared them with authentic specimens in 
J. Agardh’s Herbarium in Lund and found that they agree very 
well with them. 

India : Krusadi Island, Pamban, May 1924, leg. 
M. O. P. I. and Coll, by K. Rangachary ’’ (without locality). 

D i s t r . : Red Sea, India. 

3, Gracilaria Ferguson! J, Ag., Spec, Alg., Vol. Ill, 4, 
p. 60, 1901. 

A few specimens (one dried and some in formalin) seem to 
agree quite well with the description of this species based upon 
specimens gathered by Ferguson on the shores of Ceylon. But 
I wish to point out that I have not been able to compare the 
Indian specimens with original ones. 



Fergiisoni J. Ag. Habit of a plant. A little 

magnified. , 
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The figure (Fig. 5) drawn from a speciiiieii preserved in 
formalin shows a part, of the plant. The plant grows most 
probably in exposed places in dense tufts about 6-7 cm. high. 
The base consists of, a flat, more or less expanded disc, from 
which young as well as old erect shoots grow up inteniiiiigied. 
The tiiallus is terete, cylindrical, now and then somewhat 
narrowed, in the lower part about 2~^unni. thick tapering slowly a 
little upwards to about i|mm. at the upper ends ; the apices of the 
branches are broadly rounded. As the ramification generally 
only begins at about half the height of the erect shoots the 
young ones up to this height are unramified. When the ramifi- 
cation begins the shoots are divided into two or three branches 
and these «ire once more pjseudodichotomously divided several 
times, the branches growing in a lanlike manner in about the 
same plane and becoming shorter upwards. 

A transverse section (Fig. 6) shows that the medullary layer 
is composed of rather small (about 80// broad) cells with rather 
thick walls and of almost the same size until approaching the 
periphery where the cells become smaller and more oblong in 
transverse section. The cortical layer consists of quite small 
cells and is covered by a thick cuticle. The specimens were 
sterile. 

When I tried to determine this plant, I began referring it to 
Gracilaria obtiisa Grev. in Kutzixg, Tab. Phycoh, voL 19, p. S, 
pi. 21; compare also Weber. Algues Siboga, p. 436. The 
fragments figured here by Kutzing under the name of 
Sphccrococciis ohtusus might of course originate from a plant 
resembling the Indian plant, but this evidently cannot be the case, 
because one of the three specimens found under Gracilaria obtusa 
in Mnie. Weber’s Herbarium (in wdiich Kutzing’s herbarium is 
incorporated) is a specimen of FIarvey’s Ceylon Algte no. 30, 
and the two others were gathered at Ceylon by Schmarda. 
According to this statement these specimens must be presumed 
to be like CoraUopsis cacalia Harvey = Corallopsis opuntia J. Ag., a 
plant which I am rather inclined to consider a form of Gracilaria 
crassa (coinparemy remarks in '^Some Marine Algae from Ceylon,” 
p. 86, fig. 8 and in ‘‘Contrib. to a South Indian mar. alg, Flora,” II, 
p. 328-9). Kutzing’s figure quoted above agrees quite well with 
this species. To Gracilaria obtusa Mme. Weber refers also 
Gracilaria canaUcuIata (Kiitz.) Sender from Nova Caledonia and 
figured in Kutzing's Tab. Phycoh, voL 18, ph 82. This figure 
too, drawn from a rather fragmentary and badly preserved 
specimen might very w’dl show a plant referable to Gracilaria 
crassa, Mme. Weber has also found that its thallus is really 
terete.' ■ ■ ■ 

Owing to this I am very much inclined to believe that the 
rather dubious sptcits Gracilaria obtusa Grev = Spha’rococcus 
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obtusus (Grev.) Kiitz."^ from India and Ceylon is nothing but 
Gracilaria crassa (liarv.) J. Ag. From this plant Gracilaria 
Fergusoni is easily separated not only because of its quite 
different habit, but also because transverse sections of the two 
plants are very different, the medullary tissue of Gr. crassa 
consisting of cells more than twice as large as those of Gr. 
Fergusoni and having thin walls, making the thallus collapse very 
much, so as to give it a canaliculate appearance. 



Fig. 6 . — Gracilaria Fergusoni ]. TrdrasVttst section of the thallus 
X 85. 


Both Iyengar and I gathered near Tuticorin a small form 
which, leaving its smaller size out of consideration, seems to 
agree very well in habit with Gracilaria Fergusoni, A transverse 
section shows that its cells are small, of about the same size as 
the big form. 

India: Cape Comorin, Sept. 1924, M. O. P. I. Tuticorin, 
Oct 1923, M. O. P. I. and March 1928 ( !). 

D i s t r. : Ceylon. 


^ Compare also J. Agakdh, Spec, alg., vol II, p. 590 Obs. and 
Gigartina oblusa (Grev.) J. Ag,, Epicr. p. 426. 
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4. Gracilaria debilis (Forssk.) Boergs,, Revision 
FoRSSK'Ats Algi'e, etc., p. 7. — Gracilaria ]V right ii {Turner) 
]. Ag., Spec. Alg., II, p. 599; Epicr. p. 422; III, 4, p. 78. Fucus 
IVrightii Turner, Fuci, pi. 148. 

It is not without doubt that I refer a female specimen in 
Iyengar’s collection to this species. I have not been alile to 
compare it with specimens from the Indian Ocean, but, compared 
to specimens from the West Indies, it has a somewhat thinner 
and less fleshy thallus. Otherwise the specimen seems to agree 
quite well with the description of J. Agardh. 

I n d i a : Krusadi Island. Pamban, Oct. 1924, leg. M.O.P.L 

D i s t r . : Indian Ocean, Red Sea, West Indies. 

5. Gracilaria corticata J. Ag., Spec, alg., II, p. 602; 
Epicr., p. 423. — Rhodovieaia corticata J. Ag., SvmboL'e in 
Linmea, XV, p. 14, 1841. 

It seems often rather difficult in the Indian material to 
separate Gracilaria corticata from Gracilaria foliifera. In Kew 
Bulletin 1933, p. 124, I have tried to point out some of the 
characters by means of which it might perhaps be possible to 
separate these two species basing my point of view essentially 
on J. Agardh ’s descriptions. Later I have had the opportunity 
to see the specimens of Gr. corticata in J. Agardh ’ s Herbarium 
in Lund. Most of these have a narrow almost linear thallus ; 
one of the plants with a somewhat broader thallus was a specimen 
of Harvey’S Ceylon Alg. no. 28. This species was originally 
described by J. Agardh from specimens from Ceylon, leg. 
Reynaud (Fieri). Paris). These specimens I have not seen, but, 
as they are from Ceylon and as J, Agardh refers Harvey’s 
Ceylon Alg. no. 28 to this species, it is to be presumed that this 
plant comes near to the original specimens. We have in the 
Botanical Museum, Copenhagen, a specimen of FIarvey’s plant. 
Its thallus is about 2 mm. broad tapering a little upwards, the 
upper ends being obtuse. 

In Iyengar's collection several specimens are, I think, 
referable to this species. Some of these are rather like Harvey's 
above mentioned specimen, their thallus being rather regularly 
subdichotomously divided with segments about 2 mm. broad and 
with obtuse apices. Other specimens are more irregularly 
divided with more or less cuneate elongated segments tapering 
gradually upwards and with acute apices resembling very much 
Esper’s figure, Tab. 50, in Abbildungen der Tange. Finally 
Iyengar's collection contains a few specimens with narrow 
linear thalH like those found in Agardh's herbarium. 

But, as I have already said, I find it difficult to separate this 
species and especially forms with broad thalli from Gracilaria 
foliifera, I was therefore interested to find that Hauck in 


”226 


F. BOERGESEN 


Hedwigia, 1888, p.89, has come to the same conclusion. He 
writes: ‘'"Sowohl in schmal-als auch in sehr breitlaubigen Formen 
vorkommend, welch letztere mit di-polychotom getheilten Thallus 
und bis 10-15 mm. breiten Segmenten sich gar nicht von der 
typischen Gracilaria multipart it unterscheiden lassen”. 

I n d i a; Karvar, Febr. 18th 1928, leg. M.O.P.L ; Tuticorin, 
Hare Island, March 2nd 1928, leg. M.O.P.L ( !) ; Cape Comorin, 
Sept. 1920, leg. M.O.P.L In Iyengar’s collection presented to 
the British Museum some specimens from this locality are also 
found. Mahabalipuram, Jan. 1923, leg. M.O.P.I. Madras 
Harbour, Aug. 3rd 1924, leg. M.O.P.L 

D i s t r . : Indian Ocean, Red Sea. 

6, Gracilaria foliifera (Forssk.) Boergs. 

This species has already been mentioned in part I of these 
Contributions on page 48. A few more specimens in Iyengar's 
collection are to be referred to it. Some of these resemble very 
much forma (eruginosa Turner {Fucus ariiglnosus Turner, Hist. 
Fucorum, tab. 147). One of the plants (coll, by K. Rangachary, 
but without locality) is a rather slender form; in the British 
Museum (Nat. Hist.), London, some undetermined specimens 
resembling this form are found. Another specimen (cystocarpic) 
in shape and colour reminds one of forma granatea (Fucus 
granateus Turner, 1. c. p. 215). 

India: Cape Comorin, Sept. 1924, (f. Krtisadi 

Island, Pamban, April 1924 (f. ceriiginosa), leg, M.O.P.L 

V. Rhodymeniales 
Fam. 1. Rhodymeniacese 
Rhodymenia Grev. 

1. Rhodymenia dissecta nov. spec. 

Frons plana, membranacea, ca. 20 cm. longa et ultra, basi 
cuneata, ad apicem versus ssepius dichotome-flabellatim divisa, ex 
segmentis sublinearibus ca. 3-8 mm. latis, axillis subacutis dis- 
cretis, dichotoniiis 2-6 cm. distantibus composita. Segmenta ad 
apicem versus plus minus angusta, apicibus obtusis vel subacutis. 
Segmenta basalia in marginibus prolications majores gerentia. 
In superiori parte thalli margines integerrimi sunt aut rarissime 
proliferi. 

Tetrasporangia cruciatim divisa per totam superficiem thalli 
sparsa. Cystocarpia hemisphaerica marginalia aut in disco thalli 
dispersa. 

India: Tuticorin, Sept. 1900, leg. K. Rangachary. Speci- 
mina in Herb. Iyengar and the British Museum (Nat. Hist.). 

^ Gracilarm miiltiparti fa is a synonym oi Gracilaria foliifera. . 
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The thallus (Fig. 7) in the largest specimen is divided up to 
six times. The breadth of the segments varies as a rule iroiii 
3 mm. to f cm. The angle between the segments is acute with a 



Fig. 7 .—Rhodymema dissecta Boergs. — about half the natural size. 


more or less roundish base, and the distance between the 
dichotomies is 2-6 cm. The plant is fixed to the substratum by 
ireans of a small disc from which the elongated cuneate basal 
segments arise along the margins of which on both sides a row of 
proliferations (3-5 in each row) are developed. These prolifera- 
tions are divided as the main thallus but only about twice, and 
their segments reach about the same breadth. Altogether I have 
seen two large tetrasporic specimens and a small female one of 
this plant and also a small specimen which I am not sure belongs 
to this species. In the large specimens the margins above the 
basal segment are smooth and without proliferations except for a 
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few small ones. The small specimen, on the other liancl^ not only 
had very many small proliferations along the basal segment, but 
such ones also occurred in a scattered manner, higher up in the 
plant but in decreasing numbers. The thallus is thin, papery 
and brittle when dried. I have not succeeded in making it 
assume its natural shape by soaking it in water. Except in the case 
of the small specimens, it does not adhere very well to paper. The 
colour of the dried specimens is dirty red-violet to brownish. 
Three of the specimens are tetrasporic ; the tetrasporangia occur 
scattered over the whole thallus. The fourth specimen is a 
female one and the cystocarps are likewise developed scattered 
over the whole thallus. The two bigger specimens of which one 
(Fig. 7) belongs to the herbarium of the British Museum 
(Nat. Hist.), Coll. Edgar Thurston, and the other one to Prof. 
Iyengar, have both no. 24 and are tetrasporic and have been 
collected Sept. 15th 1900. The small female specimen belongs to 
Iyengar^S herbarium and has no. 37 and is dated Sept. 16th 1900, 
and from the same date is the small somewdiat different specimen 
which has no. 36 and belongs to the British IMuseum. 

Since the tetrasporangia are scattered over the whole thallus, 
this species belongs to the group Palmatce J. Ag., Spec. Alg. 
p, 376, but judging from the descriptions of the species referred 
to this group, it seems to be related to none of them. 


VI. Ceramiales 
Fam. 1 . Ceramiaeess 
Sub-jam. 1. Griffithsieas 
GrifHthsia C. Ag. 

1, Griff ithsia spec. 

Sevei'al sterile specimens are found in Iyengar's collection, 
They remind one very much of Kutzing's figure of Griffithsia 
opuntioides in Tab. Phycol. Vol. XI, pi. 27, but as they are 
sterile they are undeterminable. 

India: Cape Comorin, Sept. 1924, leg. M.O.P.I. 


Sub’-fam. 2. Ceramteae 
Ceramium (Roth) Lyngbye 

In Iyengar's collection I have occasionally come across in 
the bottles some pieces of Ceranuum as epiphytes on larger algae 
or mingled with these. Dr, H. E. Petersen has been so kind a.s 
to identify them and the result is the following list, 
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1. Ceramium strictiim Grev. et Ilarv, in Harvey., PIi}'C0“ 
logia Brit., pi. 334. J. Agardh, Spec. voL II, p. 1,23; Epicr., 
p.97. 

Some small sterile fragments otiIv are found. 

I n d i a : Cape Comorin, Oct. 1924, leg. ]\I.O.rM. 

D i s t r. : Warm parts of the Atlantic Ocean, i\rediterranea!i 

Sea. 


2. Ceramium cniciatum Collins and Herv., Alg. Bermuda, 
p. 144, pi. IV, figs. 27 — 28. Weber van .Bosse, Algites Siboga. 
p. 331, fig. 122.“ 

Tetrasporic specimens are found in one of the collections. 

I n d i a: Kriisadi Island, Pamluin, Oct. 1924, leg. M.O.P.L 

D i s t r . \Ytst Indies, Malayan Arcliipelago. 

3. Ceramium transversale Collins & Herv., Alg. Bermuda, 
p. 145, pi. V. figs. 29 — 31. Boergesen, IVlar. Alg. 13. W. I., vol. 
II, p. 243, fig. 233; Marine Algae Beata Island, p. 27, fig. 9. 
— Ceniuiiuni byssoideuui Plarv., PIowe in Britton, Flora of 
Bermuda, Algae, p. 531. Ceraiuiuin (jraclUiuium GrifT. et Harv., 
Kew Bulletin, 1934, p. 19. 

When Dr. li. E. Petersen in 1934 was kind enough to deter- 
mine the species of Cerainiuni in my Indian collection, he was at 
that time inclined to consider Ceramluui iransi'ersale to be like 
Ceramium gracillimuin Griff, et Harv., but added that autlientic 
material was necessary in order to be quite certain regarding this. 
Recently Dr. Petersen has been able to say with certainty 
that Ceramium graciUimum is quite a different plant, having 
for instance gland-cells which are not found in Ceramium 
iransversale, 

A few small specimens are found in Iyengar's collection. 

India: Royaptiram, Madras, Aug. 1924, leg. M.O.P.L As 
mentioned in Kew Bull, 1934, I have found this species near 
Tiiticorin. 

D i s t r . : Seems to occur in most warm seas. 

4. Ceramium truncatum H. E. P. in BjOergesen, Mar. Algae 
from Ceylon (Cevlon Journ. of Sc., Botanv, vol. XII, 1936, p 
91, fig. 11, 12). 

Tetrasporic specimens were found as epiphytes on leaves of 
Sargassum, 

India: Cape Comorin, Oct. 1924, leg. M.O.P.L 

D i s t r. Ceylon. 
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5. Ceramitim subdichotomum Web. v. B., Algues Siboga, 
p. 333, fig. 125. 

Tetrasporic specimens are met with in some of the collections. 

India: Tuticorin, Hare Island, Febr. 1928, leg. M.O.P.L 
Krusadi Island, Pambaii, April 1924, leg. M.O.P.L 

D i s t r. : Malayan i\rchipelago. 

6* Ceramiiim Maryae Web. v. B., Algues Siboga, p. 324. 
figs. 117 and 118. 

single sterile specimen was found creeping on Enaniio- 
cladia proHfcra. 

I n d i a: Cape Comorin, Oct. 1924, leg. M.O.P.L 

D i s t r.: Malayan Archipelago. 


Fam, 2 . RhodomelaeeiB 
Sub-fam. 1. Laurencieae 
Laurencia L amour. 

1. Laurencia panicalata J. Ag., Spec. Alg., p. 755 ; Epicr. 
p, 651, Yam ADA, Notes on Laurencia, p. 192, pL 3, fig. a, 1931. 

In Iyengar's collection two small specimens are found 
which resemble very much the small specimens from Ceylon 
referred by me to this species in Some marine Algae from 
Ceylon 1936, p. 93. The peripheral cells have the shape of 
pafisades. Tliese specimens came from pearl-beds near Tuticorin . 

Furthermore, a few somewhat larger specimens from Cape 
Comorin are perhaps referable to this species. The peripheral 
cells of these specimens also are palisade-like with thick walls. 
Iyengar has presented some specimens collected from this 
locality to the British Museum. 

India; PearLbed near Tuticorin, March 3rd, 1928 and 
Cape Comorin, Sept. 1920, leg. M.O.P.L 

D i s t r. ; Mediterranean sea, Ceylon. 

2. Laurencia obtusa (Huds.) Lamx. 

Several specimens vaiying in form, size and development are 
found in Iyengar's collection, but as a rule only a single specimen 
of each form is present. One of the specimens seems to belong 
to the var. divaricata ] . Ag. resembling very much the figure 
of the type-specimen in J. Agardh's herbarium figured in 
Yamada's paper : Notes on Laurencia, pi. 16 a. Another one, I 
think, is referable to the var. imijuscula Harv., resembling the 
plant mentioned in Kew Bulletin 1933, p. 135, and having the 
same fine red colour. Compare also Yaaiada’s figure 1. c. pi. 16 Cf 
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A small slender plant is very much like var. gracilis Kiitz., 
Tab. Phycoh, vol. 15, p. 20, tab. 54. figs, c, d. Fig. 8 
shows a piece of this plant. Thickened walls are not present in 
the medullary layer. I dredged this plant at a depth of aliout 20 
meters. It had tetrasporangia in March. 



Fig, S.—Laurencia obtusa (Hiids. ) Lamx. var, .grari/b? Kiitz. Part oi 
a plant X 5. 

Furthermore, a small incomplete specimen shows much 
likeness to the var. rigidula Grimow, Alg. Fidschi, Tonga und 
Samoa-Inseln, p. 45. The divaricate, as a rule oppositely or 
verticillately placed branchlets are characteristic of this variety. 
It shows, as mentioned by Grunow, very great likeness to 
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Kutzinc/s figure of Laurencia corymblf era iromiht West Indies 
in Tabuke PliycoL, voL XV, tab. 56. The specimen is collected 
by K. RangacHxVRy, but the locality is not mentioned. 

India: Off Tuticorin (!), Cape Comorin and Pamban 
Bridge, leg. M.O P.I. . 

D i s t r. : Warmer Seas. 


Stib-jam. 2, Chondrieae 
Chondria Ag. 

1. Chondria transversalis nov. spec. 

Thalius ca. 1-2 cm. altus, filiformis, teretiiisculus, ad 450// 
latus, ramosus ex ramis decumbenti])us, rhizoideis adfixis et 
ramis erectis compositus. xA.pex ramorum truncatus, punctum 
vegetativiim in foveani crateriformem immersiiin. Ramihcatio 
subpyramidalis, ramis sparsis, clavatis, ca. 250// latis inferne 
tenuioribus, superne subcylindricis trichoblastos niimerosos 



Fig* 9.-^ C hondria transversalis Boergs. Habit of plant. X 9. 



SOUTH INDIAN MARINE ALGAL FLORA 


233 

gerentibiis. Cellulce cpidennales elongatce-siibqiiadraiigiileres ad 
i40/i longce et ca. 30/i lat^e ; celhtlse subepideriiiales oblonge- 
hexagonce, ca, 140// longae et ca. 15// latae in series transversales 
regitlarcs ordinatcC. 

Tetrasporangia in snperiore parte raiiiorum prceseirtia. 

India: Off Tiiticoriii near Hare Island dredged at about 
20 meters on 1st March 1S128, Boergesen 5737 (type). 

This little Chondria (Fig. 9), creeps on stones and shells in 
rather deep water. The thalliis is tere.e and cOiUposed of 
decumbent creeping filaments from which the erect ones arise. 
The creeping filaments are fixed to the substratum by means of 
short, thick rhizoids. The thickest thallus found was aliout 450// 
broad, but the most common breadth is 350-403//, the branches 
reach a breadth of about 250//. The erect filaments are up to 
1-| cm. high. The ramification is pyramidal, branches being 
given out on all sides from the main branches. The brandies ab 
iheir base are narrowed often to almost half their size, upwards 
they are cylindrical keeping nearly the same size until the truncate 
or broadly rounded apex with the sunken growing point in the 
middle from which the often numerous trichoblasts protrude. 
The surface cells (Fig. 10a.) when seen from above are elongated 




Fig. 10 . — Chondria imnsversalis Boergs. a, cortical cells seen from 
above. 5, subcortical, cells a, X 265* b, X 90. 
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quadrangular, up to about 140, a long and 30w broad. The cells 
under the surface cells are clearly observable. They are elongated 
hexagonal (Fig. lOb) about i40a long and 75, a broad and arranged 
in regular transverse rows. Also the central cells and especially 
the thick transverse walls of these are visible. The central cell 
and the pericentral ones are twice as long as the subcortical cells 
forming the transverse rows. A transverse section shows 
(Fig. 11) in the middle the central cell and 5 pericentral cells; 
these are surrounded by the large subcortical cells which are in 
their turn surrounded by the peripheral cells which are 
roundish-quadrangular in transverse section and are firmly 
connected with one another in contrast to the cells of the interior 
which are more loosely connected with one another. The tetras- 
porangia are formed in the upper ends of the branches. 



Fig. 11 . — Chondrla transversalis Boergs. Transverse section of the 
thalliis X 265. 

This species seems to resemble very much Chondria sim- 
pliciHScula Weber in Rhodophyceae of the Percy Sladen Trust 
Expedition (Transactions of the Linnean Soc. of London, Zoology, 
voL 16, 1914, p. 289, pi. 16, figs. 9-10), although, judging from the 
description and rather schematic figures, it differs in several 
respects. The Indian plant agrees with Ch, simpUciuscidam 
being small (exact measurements of the latter are not given) 
and in having a decumbent creeping thallus. Furthermore, the 
hexagonal shape of the cortical cells near the apices of the 
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filanieiits is about the same in both species and tlie tetrasporarigia 
are formed in the' upper ends of the ordinary iiranclies. As 
regards the differences between the two pianis, it must he 
mentioned that in the old parts of the thalliis in Alnie. WkiierA 
plant the superficial cells have undulated walls and bec/rme thus 
inoniliforiiy whereas, in the Indian plant, these cells are long 
and subrectangular with straight walls. Further, Mine. VfEBEK's 
plant is an epiphyte creeping* on Laiirencia papillosa and thus 
must be presumed to live in shallow water while the Indian |)Iant 
was found in deep water fixed by means of rhizoids to small 
pieces of stones and shells. Besides, as the description given 
above clearly shows, the Indian plant differs essentially from 
Ch. shnpUciuscula in several other respects also. 


Slib-faiiL 3. Polysiphonieda 
Polysiphonia Grev. 

Polysiphonia Tuticorinensis nov. spec. 

Ctespes erectiusciilus ca. 12 cm. altus, fastigiate-virgatuss 
fiiscopurpureus. Fiia ecorticata ex articulis d-siphoneis com- 
posita, a basi ramosa ramos sparsos c|Uoc|ueversum egredieiites, 
erectos, axillis acutis gerentia, interne ta. 400/^ lata, monilif ormia, 
superne gradatim tenuiora et cylindrica. Articuli in tota planta 
conspicui s^epe paulo atiores quam longiores. Rami in loco 
pilorum oriuntur. 

Tetrasporaiigia pauca (1-3) in ramulis torulosis spiraliter 
seriata in superiore parte filorimi prc'eseiitia ; scgmenta fertilia, ca. 
70p lata, tetrasporaiigia 50a lata. 

Cystocarpia oblonge-urceolata, ca. 250-280// longa et 180-250// 
lata, in superiore parte cellulis permagnis ostioliun apicalem 
cingentibus oriiata. 

Antheridia elongate-conica, ca. 160/( longa et 40/f lata, 
superne celluias steriles 1-3 gerentia. 

India: Hare Island, 2nd March 1928, Boergesen 5764 
(type). 

The plant (Plate VIII) forms a dense very much ramified 
tuft about 12 cm. high. Its method of growth is pyramidal with 
scattered upwardly erect branches all along the main filaments. 
The plant has four pericentral cells and no cortical layer. In the 
lower part the main filaments are about 600/f broad or more ( ?), 
tapering slowly upwards. In the older lower parts of the thalliis 
the filaments are monilif orm, but higher up they are cylindrical ; 
the segments are about as long as broad or a little shorter, for 
instanGe, in one filament with a breadth of 352// the segments were 
242/i long, and another filament which was 275// liroad had 
segments about 220// long. The trichoblasts are well developed 
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in the young upper parts of the filaments (Fig. 12a) ; they are 
placed spirally to the left with \ circumference between them in 
such a way that the 5th trichoblast is situated over the first one. 
Now and then a branch is given ofif instead of a trichoblast. 




Fig, 12 . — Polysiphonia 7'iiticorinefisis nov. spec, a, filaments with 
tetrasporangia b, a cystocarp. a X 20; 6. X 135. 


The tetrasporangia (Fig. 12a) are developed in short rows. 
As a rule 2 (1-3) well developed tetrasporangia are found and 
above these a few badly developed ones. One sporangium is 
developed in each segment. These become swollen very much 
making the branch more or less screw-shaped. The fertile 
segments reach a breadth of 70f( and the sporangia a breadth of 
about 50/u 

The cystocarps (Fig. 12b) are elongated-urceolate about 
250-280f( long and 180-240/^ broad, the neck is rather long and 
about 115-130// broad, and the large cells forming uppermost a 
ring round the ostiole are about 20// high. 
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The anclrophores (Fig'. 13) are formed by the first side- 
branch of the trichoblasts. They are elongated conical about 160« 
long and’40/i broad and have at their upper ends 1-3 short sterile 
cells. The only male branch found l3y me was a side lirancli 
on a tetrasporic plant. Kkiep in Die Sexualitat der 
niederen Pflanzen mentions p. 226 several similar cases found 
in Polysiphoma, 



Fig. 13 . — Polysiphonia Tuticorinensis nov. spec. An androphore 
X 400. 

Polysiphonia Tuticorinensis compared with the species of 
Polysiplionia from India previously descril)ed by me is easy to 
recognize. Thus Polysiphonia platycarpa (in Kew Bull., 1934, p. 
23, figs. 15-17 and in List mar. Alg. Bombay, p. 60) differs 
owing to the facts that the cystocarps are more sphericai in shape 
and have no large cells round the ostiole, the androphores have 
no sterile cells at their summits, and the tetrasporangia are found 
in long rows. To this must be added the altogether different 
habit of the plant. Polysiphonia unguifornils (Contributions, I, 
p. 53)differs in the absence of large cells round the ostiole of the 
cystocarps and in the androphores not having large sterile cells at 
■ 3 ■ 
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the upper ends. The ramification and habit of this plant is also 
quite different. 

Owing to the often very incomplete descriptions without 
figures of many of the almost 50 species with four pericentral cells 
mentioned in De-Toni’s Sylloge, I dare not deny that some of 
these might possibly come near to or perhaps be like the present 
species, but I wish to point out that I have gone through the col- 
lections of Polysiphonia found in the Kew Herbarium and in 
British Museum without being able to find any specimens resem- 
bling this species. 



JOURN. IND. BOT. SOC. 


P'OL. XVII, PLATE Vil 



F. BOERGESEN -GR^TFLOt/P/zi LITHOPHILA BOERGS. 




F. BOERGESEN-PO 



SOUTH INDIAN MARINE ALGAL FLORA 239 

INDEX OF SPECIES 

Mentioned in Part I, 11 and HI of these Contributions 
together with some of the most essential synonyms. 


CHLOROPHYCEAE 

Codium coronatum Setch. . . . . . . I, 3 

Phaeophila dendroides (Cr.) Batters . . . . I, 2 

Valonia Forbesii Harv. . . . . . . 1,3 

PH^OPHYCEAE 


Chnoospora fastigiata J. Ag. . . 



11 , 

313 

,, implexa (Her.) J. Ag. 


* a 

11 , 

313 

Colpomenia sinuosa (Rothj Derb. et Sol. 


, , 

11 , 

312 

Cystophyllum muricatum (Turn.) J. Ag.. . 

I, 

27; 

II, 

318 

Dictyopteris clelicatula Lamotir. 

I, 

26; 

II, 

316 

Muelleri (Sond.) Web. v. Bosse 



II, 

316 

„ Woodwardii (Brown) J, Ag. 



II, 

316 

Dictyota atomaria Hauck 



I, 

27 

,, Bartayresiana Lamonr. 



I, 

27 

,, dichotoma (Huds.) Lamour. 



I, 

27 

,, maxima Zan. .. 



II, 

317 

Ectocarpus arabicus Fig. et De Not. 



I, 

7 

„ breviarticulatus J. Ag. 



II, 

312 

„ coniferus Boergs. . . 



I, 

5 

,, Dermonematis Boergs. 



I, 

18 

,, Duchassaingianus Grun. 



I, 

3 

,, Enhali Boergs. 



I, 

8 

,, filifer Boergs. 



I, 

10 

,, geminifriictus Boergs. 



I, 

16 

,, indicus Sondtv .. 



I, 

4 

,, Mitchellae .. 



I, 

4 

,, thyrsoideus Boergs. .. 



I, 

12 

Fucus articulatus Forssk. . . : . 



II, 

317 

Hecatonema sargassicola Boergs. 



III, 

207 

Horraophysa triqiietra ( L, ) Kiitz. 



II, 

317 

Hormosira articulata (Forssk.) Za.n. 



II, 

317 

Hydroclathrus clathratus (Bry) Howe 



I, 

25 

Myriogloea sciurus Flarv. .. •* 



I, 

25 

Padina Commersonii Bory 



II, 

315 

„ gymnospora (Kiitz.) Vickers 



11 , 

315 

„ tetrastromatica Hauck 

I, 

26; 

II, 

315 

Rosenvingea intricata (J. Ag.) Boergs. 



I, 

25 

Rosenvingea orientalis (J. Ag.) Boergs. .. 



I, 

25 

Spathoglossuni asperum J. Ag. . . ... 



II, 

313 
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Spliacelaria furcigera Kiitz. . . . . . . I, 26 

,, tribuloides Menegh. .. , , 111,209 

Stoechospernium inarginale (Ag.) Kiitz. . . . . I, 26 

Streblonenia turmale Boergs. .. .. . . I, 22 

Zonaria crenata J. Ag. . = . . . . II, 315 

„ latissima Kiitz. .. .. ..II, 314 

,, Schimperi (Ruch.) Kiitz. .. ..II, 314 

,, variegata (Lainour.) Ag. .. , . II, 314 

RHODOPHYCEJE 

Acanthophora muscoides (L.) Bory . . . . II, 348 

,, spicifera (Vahl) Boergs. .. ..II, 348 

Acrochaetium Dwarkense Boergs. . . . . I, 28 

„ Krusadii Boergs. . . . . I, 32 

,, liagoraefiium Boergs. .. .. I, 35 

liagoroides Boergs. . . . . I, 40 

,, multisporum Boergs. • . , . . I, 38 

,, spathoglossi Boergs. . . . . 1, 30 

,. Tuticorinense Boergs. .. .. I, 30 

Acrosorium uncinatum (J. Ag.) Kylin. . . . . II, 342 

Aotinotrichia fragilis (Forssk.) Boergs. . . . . II, 321 

,, (Lamx.) Desne. .. .. II, 321 

Aniphiroa anceps (Lamk.) Desne. .. I, 47; 11,322 

,, fragilissima (L.) Lamour. .. .. 111,213 

Bostrychia tenella (Vahl) J. Ag. .. .. II, 351 

Botryocladia leptopoda (J. Ag.) Kylin . . . . II, 335 

Bryocladia Tliwaitesii (Harv.) De-Toni .. .. 11,349 

Calliblepharis jubata (Good, et Woodw.) Kiitz. . . Ill, 220 

Caloglossa Leprieiirii (Mont.) J. Ag. . . . . II, 342 

Carpopeltis rigida (Harv.) Schmitz. . . . , 11, 325 

Centrocera clavulatum (Ag.) Schmitz . . . . I, 49 

Ceramium cruciatum Collins et Harv, .. .. Ill, 229 

,, Maryie Web. v. B. . . . . Ill, 230 

,, strictum Grev. et Harv. .. Ill, 229 

„ subdichotoiiium Web. V. B. .. .. Ill, 230 

„ transversale Collins et Harv. . , . . Ill, 229 

,, truncatum H. a. P. . . . . m, 229 

Champia compressa Har*E .. .. 11,332 

,, globiilifera Boergs. .. II, 330 

parvula (Ag.) Harv. .. .. 11,330 

Cheilosporum spectabile Harv. . . . . HI, 213 

Chondria armata (Kiitz.) Okam. .. .. H, 348 

„ dasyphylla (Woodw.) Ag, .. T, 53; IT. 347 

„ transversalis Boergs. .. i. Hi’ 232 

Chondrococcus Hornemanni (Mert.) Schmitz I, 46; II, 322 
Claudea multifida Harv. . . , . IT 343 

Coelarthrimi opuntia (J. Ag.) Boergs. . . . . IT 333 

Corallopsis opuntia J. Ag. . . .. IT 328 

Corynomorpha prismatica .. n' 323 

Cryptonemia coriacea Schmitz , , IT 325 
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Cryptonema Lomation (Bertol.) J. Ag. .. . 

Dasya lyengarii Boergs. . . 

Dermonema gracile (Mart.) Schmitz 

Dictyurus purpurascens Bory 

Echiiwcaulon acerosum (Forssk.) Boergs. 

,, myriocladum Boergs. 

Enantiocladia prolifera (Grev.) Falkenb. 

Erythrotrichia carnea J. Ag. 

Erythrocladia subintegra Rosenv. 

Gelidiella acerosa (Forssk.) Feldm. et Hamel 

„ Bornetii (Web. v. B.) Feldm. et Hamel . 
,, myrioclada (Boergs.) Feldm. et Hamel 

Gelidiopsis repens (Kiitz.) Schmitz 

„ variabilis (Grev.) Schmitz . . 11,321 ; 

Gelidiuni corneum (Huds.) Lamour. .. I, 46; 
,, micropterum Kiitz. 

Gracilaria compressa (Ag.) J. Ag. 

,, confervoides (L.) Grev. 

,, corticata J. Ag. ., .. 

„ crassa (Harv.) J. Ag. 

,, debilis (Forssk.) Boergs. 

,, disticha J. Ag. 

„ Fergusoni J. Ag. 

,, foliifera (Forssk.) Boergs... I, 48; 

,, lichenoides (L.) Harv. 

„ obtusa Grev. 

,, pygmaea Boergs. 

Grateloupia Comorinii Boergs. 

,, filicina (Wulf.) Ag. 

„ lithophila Boergs. ^ . 

Grififithsia spec. 

Gymnogongrus pygmseus (Grev.) J. Ag. 

Flalymenia dilatata Zan. 

,, floresia (Clem.) Ag. 

Herposiphonia insidiosa (Grev.) Falkenb. 

„ spec. 

Heterosiphonia stuposa (J. Ag.) De-Toni 

Hypnea flagelliformis Grev. 

,, musciformis (Wulf.) Lamour. I, 47; 

„ nigrescens (Grev.) J. Ag. 

„ pannosa J. Ag. . . . . 

„ valentiae (Turn.) Mont. . . I, 47 ; 

Jania rubens (L.) Lamour. .. 

Laurencia ceylanica J. Ag. . . 

„ flagellifera J. Ag. . . 

„ obtusa (Huds.) Lamour. 

„ indica Hauck 

„ paniculata J. Ag. . . . . 

„ papillosa (Forssk.) Grev. .. I, 49; 

„ parvula Boergs. 


H, 324 
11, 345 
H, 320 
II, 346 
III, 212 
III, 211 
IL 355 

r, 28 

II, 319 
III, 212 
III, 210 
III, 210 
II, 321 
HI. 212 
HI, 212 
HI, 212 

I, 48 
III, 221 
HI, 225 

II, 328 
HI, 225 
HI, 222 
III, 222 
III, 226 

II, 327 

III, 223 
II, 327 

HI, 217 
III, 215 
III, 215 
HI, 228 
II, 329 
HI, 214 
I, 47 
II, 352 
II, 354 

II, 344 

III, 221 
HI, 222 
III, 222 

II, 326 
III, 221 
III, 214 

II, 347 
I, 50 

III, 230 
H, 347 

III, 230 
II, 347 
I, 49 
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Leveiiiea jungermannioicles (Mart. et. Her.) Harv. 

I, 56; II, 354 

Liagora ceranoides Lamoitr. . . . . II, 320 

„ erecta Zell. .. .. I, 43 

,, pulvenilenta Ag. . . . . II, 320 

Lophocladia .Lalleniandi (Mont.) Schriiitz .. II, 350 

Martensia fragilis Harv. . . . . II, 344 

Murrayella peridados (Ag.) Schmitz .. .. II, 350 

Neurymenia fraxinifolia (Mert.) J. Ag. . . . . II, 357 

Nitophyllum marginale Harv. . . . . II, 342 

Pleonosporium Borreri (Engl. Bot.) Naegl. .. II, 336 

Poly siphon ia platycarpa Boergs. . . . . II, 349 

,, Tiiticorinensis Boergs. . . . . HI, 235 

,, •Linguiformis Boergs, .. .. I, 53 

Porphyra tenera Kjellm. . . . . II, 319 

Rhodyrnenia dissecta Boergs. . . .. 111,226 

Roschera glomerulata (Ag.) Web. v. B. . . . . II, 350 

Sarcodia ceylonensis (J. Ag.) Kylin . . . . II, 326 

Sarconema indicum (J. Ag.) Kylin . . . . II, 326 

,, furcellatuin Zan .. .. 111,219 

,, filiforme (Sond.) Kylin .. .. 111, 219 

Scinaia bengalica Boergs. . . . . Ill, 209 

,, carnosa Harv. . . , . Ill, 209 

Snlieria robusta (Grev.) Kylin .. I, 47 ; II, 325 

Sperinothamnion spec. . . . . II, 335 

Spyridia filamentosa (Wirlf.) Harv. . . I, 49 

,, fusiformis Boergs. .. II, 338 

„ iiisignis J. Ag. . . . . II, 341 

Vanvoorstia spectabilis Harv. . . , . II, 343 

Wrangelia Argus Mont. . . . . II, 338 
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Introduction 

The present paper deals with the various stages in the 
development of the embryo and seed of Boerhaavia diffusa Linn, 
and B oerhaavia repanda Willd.,. two members of the family 
Nyctaginaceae found in the Gangetic plain and other parts of India. 
The development of the embryo-sac and the pollen in these plants 
has already been described by Maheshwari (1929) and Bhargava 
(1932). They have also made a few observations on the embryo 
development, but these are of a fragmentary nature, and do not 
provide a correct picture of the same as pointed out by me in a 
preliminary note (Kajale, 1936). 

Out of the two plants described here, Boerhaavia diffusa has 
been studied in greater detail than the other. Both the plants, 
however, resemble each other very closely. A common account, 
therefore, has been written, the few differences in details being 
pointed out at the proper places. 

The Ovule 

The carpel in these two species of Boerhaavia, as in the 
Nyctaginaceae in general, possesses a single basal ovule. This is 
provided with a short funicle. The form of the ovule has been 
described by Maheshwari (1929) as anatropous. The material 
examined by me, however, shows that there is a distinct bend in the 
ovule on the side of raphe, pointing towards campylotropy. The 
figures of Maheshwari and Bhargava also show this clearly. The 
ovule thus has the same form as in Gisekia pharnaceoides studied 
by Joshi and Rao (1936), 'and should be described in the same way 
as ana-campylotropous. 

Another point missed by Maheshwari (1929) and Bhargava 
(1932) is about the development of the epidermal cap at the 
micropylar end of the nucellus. Figures 29 and 32 of Maheshwari 
and 39 and 41 of Bhargava show clearly the development of such cap, 
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but the authors have not referred to this point in the text. The 
presence of the nuceilar epidermal cap in these forms tends to bring 
the Nyctaginaceae into line with the other Gentrospermales, for the 
development of such a cap seems to be a characteristic feature of 
this order. 

In Boerhaavia repanda, Bhargava (1932) has described the 
formation of a mucilaginous mass near the micropyle of the ovule. 
Such a structure is seen in Boerhaavia diffusa also. It is, however, 
nothing more than the continuation of the transmitting tissue of the 
carpel. Similar tissue is also seen in Mirabilis Jalapa and Gueguen 
(1901) had long ago worked out its true nature. 

The Development of the Embryo 

The first division in the fertilised egg is by a transverse wall 
and leads to the differentiation of an apical and a basal cell (Fig. 3). 
The next division takes place in the basal cell (Fig. 4), and as again 
transverse. In this manner a filamentous proembryo of three cells is 
formed (Figs. 5, 9 & 20). The proembryo may remain in this 
condition till the appearance of the first longitudinal wall or another 
transverse division may take place in the cell at the micropylar end, 
and the proembryo may become four cells long before the apical 
cell divides longitudinally (Fig. 6). Further increase in the length 
of the embryo takes place always after the appearance of a longi- 
tudinal wall in the apical cell, and again is the result of a transverse 
divison in the micropylar cell. Thus every increase in the length of 
the embryo up to this stage is due to repeated divisions in the 
micropylar cell. This is clearly brought out by figure 1. 



Fig. 1. A diagramatic sketch of the development of embryo till it has 
become 5 cells long, showing th^ derivation of various cells by repeated 
divisions in the basal cell. . ‘ 
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The embryo proper develops from four apical cells of the 
proembryo, but the time of differentiation of these four cells is 
peculiar as compared with the members of the Amarantaceae (Joslii 
and Kajale, 1937), Chenopodiaceae (Soueges, 1920), Caryophyh 
laceae (Soueges, 1924), etc. In the latter families these cells are 
all formed and can be counted before any longitudinal division 
begins in the cells of the proembryo. In the plants under investigation 
one or two of the lower cells, depending upon the total number of 
cells of the proembryo, are not even formed when the first 
longitudinal division takes place in the apical cell. These cells are 
cut off only afterwards from the micropylar cell. Figures 7, 8 and 9 
from Boerhaavia diffusa and figure 21 from Boerhaavia repanda 
show this point clearly. In figure 9 for instance the apical cell has 
divided longitudinally into two. The penultimate one is dividing in 
the same manner. The third cell which has to take part in the 
development of the embryo proper is just differentiating, while tlie 
fourth one is still to be cut off. 

The differentiation of the embryo from these four cells is as 
follows.: the apical cell forms the cotyledons and the plumule. The 
second and third cell from the apex give rise to the liypocotyl and 
the greater part of the radicle. The fourth cell forms the 
hypophysis, from which the apex of the radicle is completed. 

Generally four cells only are concerned in the development of the 
embryo. A few cases in Boerhaavia repanda, however, have shown 
that some times five cells may take part in its development. Figures 27 
and 28 provide two such illustrations. The accessory cell takes part 
in the development of the hypocotyl and radicle. 

As the embryo reaches a length of three or four cells, longi- 
tudinal walls begin to appear. The first longitudinal division takes 
place in the apical cell (Figs. 7, 8 & 21). It is this feature which has 
probably led Maheshwari (1929) to conclude that the embryo 
development in B oerhaavia diffusa corresponds to the Capsella-iy^t, 
Next such a wall appears in the penultimate cell (Figs, 9, 21 & 22), 
and this is followed by a longitudinal division in the third cell from 
the apex (Figs. 10 & 23). This sequence of the appearance of 
longitudinal walls is in direct contrast with what is seen in other 
investigated members of the Centrospermales, e.g., Chenopodiwm 
Bonus-Henricus (Soueges, 1920), Alternanthera sessiUs and Dig era 
arvensis (Joshi and Kajale, 1937), Achyranthes aspera (Kajale, 
1937), Gisekia pharnaceoides (Joshi and Rao, 1936), and Sagina 
procumhens (Soueges, 1924). In all these examples the first longi- 
tudinal division takes place either in the second or third cell from 
the apex, and then only it proceeds towards the apical cell. 

As the longitudinal division takes place in the third cell or soon 
after its completion, the apical cell undergoes one more longitudinal 
division in a plane at right angles to the fii'st, and thus gives rise to 
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. 1 , ?°erhaavia diffitsa. Fig. 2, micropylar part of an embrvo-^qc 

showing the fertilised egg and the dividing endosperm nucleus Fio-s 3- IS 
various stages m the development of the embryo. Fig. IS represents a 

iuatents® 'in Fi<,f .*ree apical cells and shows the foraation of 

quadrants In Figs. 16 & 17 micropylar part of the suspensor is not shown 

telt. X JsT *e ^“^P«tsor.. For further explanatiriee 
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the quadrants (Figs. 15 & 23). This is followed by the organisa- 
tion of quadrants in the second and third cells. 

After the quadrants have been organised in the three tiers each 
cell divides by a periclinal wall. Thus the dermatogen differentiates. 
It first appears ill the third tier from the apex, next in the second, 
and finally in the apical tier (Figs. 11 to 14 & 24 to 26). 

After the dermatogen has been completed, the differentiation 
of the two other histogenic layers begins. This proceeds in a very 
interesting way and differs markedly from what is seen in other 
angiosperms. Generally in the flowering plants the dermatogen cells 
after their differentiation divide only by anticlinal walls, so that 
this layer may keep pace with the growing embryonal mass. In 
species of Boerhaavia, however, these cells also divide once peri- 
clinally (Figs. 17, 18, 27 & 28). The resultant inner cells give rise 
by further periclinal divisions to the peribleni of the embryo. The 
cells cut off towards the outside do not divide any further pericli- 
nally, and appear to behave from now onwards like the dermatogen 
of other angiosperms. The inner cells cut off by the first periclinal 
divisions in the quadrants differentiate into the plerome of the 
embryo (Fig. 18). The rest of the development of the embryo, 
including the development of the hypophysis, is quite similar to that 
of Chenopodmm Bomts-Henricus as described by Soueges (1920). 

The suspensor develops from the micropylar cell formed after 
the hypophysis cell has been cut off, i.e., from the sister cell of the 
hypophysis. Its structure differs in the two species of Boerhaavia. 
In Boerhaavia diffusa, it is a long and slender structure. Ten to 
thirteen cells can be counted in its length, but through its greater 
part it is only one or two cells broad (Figs. 18 & 19). The suspensor 
of Boerhaavia re panda differs from that of Boerhaavia diffusa in 
being shorter in length but more massive (Figs. 29 & 30). It thus 
seems to agree with that of Mirabilis Jalap a described by Woodcock 
(1929). I can not bear out the statement of Bhargava (1932) that 
in Boerhaavia repanda ''sometimes the suspensor has two rows of 
cells at places and occasionally even in older stages remains 
uniseriate.’' 


Mature Embryo 

The mature embryo is not exactly annular as in many other 
Centrospermales but is bent over the columnar perisperm (Fig. 32). 
The bend exists in the region of the hypocotyl. The radicle and the 
cotyledons consequently are straight and nearly parallel in longitudinal 
section. The cotyledons in transverse section appear more or less 
concave (Fig. 33), and the inner one is seen to be smaller than 
the outer. They are further characterised in Boerhaavia repanda 
by the presence of certain cells, which are bigger than the rest and 
contain raphides of calcium oxalate. These raphides are absent 
from the hypocotyl and the radicle, and are not found at all in any 
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Figs. 20-31. Boerhaavia rcpanda. Figs, 20-29, various stages in the 
development of the embryo. The dotted part in fig. 29 represents plerome. 
Fig.- 30 shows the structure of the suspensor. Fig. 31 represents micropylar 
part of an embryo-sac showing two embryos equally developed. A degenerating 
pollen-tube is seen at the top in between the two embryos. For further 
explanation see text X 450, 
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part of the embryo of Boerhaavia diffusa. Procambial tissue, 
similar to that described by Woodcock (1929) in Mirabilis Jalapa, 
is developed in the embryo of both the species of Boerhaavia. 

Starch is deposited more or less uniformly in the different parts 
of the embryo, except in the apical part of the radicle. It is less 
abundant in this region, and at the extreme apex is not found at 
alb The starch grains in the procambial tissue are smaller in size 
and less abundant than in other layers. The deposition of these 
grains takes place rather late in the development of the embryo. 

Polyembryony 

An example of polyembryony has been observed in Boerhaavia 
repanda. This is shown in Fig. 31. The accessory embryo is seen 
to develop from a synergid. 

There are two conditions, which seem to be responsible for this 
kind of development, the occurrence of egg-like synergids and the 
penetration of accessory pollen-tubes into an embryo-sac. During 
the course of investigations going on in this department on the 
embryology of the flowering plants, both these conditions have been 
noted quite frequently in several families of the Centrospermales. 
It could, therefore, be anticipated that in some cases the simultaneous 
presence of these characters would lead to the development of 
polyembryony. 

In the Nyctaginaceae, the presence of accessory pollen-tubes 
has been recorded by Maheshwari (1929) in Boerhaavia diffusa, and 
the writer has also observed the presence of such tubes in Boerhaavia 
re panda. Two pollen-tubes were also seen penetrating the ovule 
showing polyembryony. The presence of egg-like synergids has been 
seen by the writer in Boerhaavia diffusa. In Boerhaavia re panda, 
the material of pre-fertilisation stages has not been examined, but as 
the two species are very similar in all their embryological features, 
egg-like synergids are likely to occur in this species as well. The 
vacuolation of the basal cells of both the emljryos from the poly- 
embryonous ovule is seen to be egg-like. It can, therefore, be 
concluded that the polyembryony in B oerhaavia re panda has most 
probably developed from the fertilisation of an egg-like synergid by 
a male gamete from an accessory pollen-tube in addition to normal 
fertilisation. 

In the family Nyctaginaceae, no other instance of polyembryony 
has been recorded so far. Johri (1936) has reported recently a 
parallel case of polyembryony in Sagittaria graminea, and more 
examples of a similar nature are cited by Dahlgren (1927). 

Endosperm and Perisperm 

The primary endosperm nucleus divides before the egg (Fig. 2). 
By its repeated division it forms a large number of nuclei, which 
are scattered in the protoplasmic lining of the embryo-sac. The 
endosperm becomes cellular in the micropylar region forming a cap 
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^ Figs. 32-36. Bocrhaavia diffusa. Fig. 32, a longitudinal section of the 
fruit along with the perianth,, It shows a well-developed embryo, endosperm 
and perisperm. Fig. 33, transverse section of the fruit showing two cotyledons, 
radicle and perisperm. Fig. 34, a part of the transverse section of the testa 
and pericarp fused together. Fig. 35, a part of the transverse section of the 
periantli. Fig. 36, a longitudinal section of a gland from the perianth of 
Bocrhaavia rc panda. Areas marked with lines represent cells , containing 
raphides. Fig. 32 has been reconstructed from a number of adjacent sections. 
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of cells over the apex of the radicle (Fig. 32). The larger part of 
it is absorbed in the free nuclear condition by the developing embryo, 
as described by Woodcock (1929) m Mirabilis Jala pa. The endo- 
sperm development in the Nyctaginaceae thus corresponds to the 
if ^?/a'/zr/;hw77i-type of Rocen (1927). 

The central part of the nucellus is left in the mature seed as 
perisperm in between the cotyledons and the radicle (Figs. 32 
& 33). Starch grains are abundantly deposited in this region and 
serve as the reserve food for the embryo.. 

Pericarp and Testa 

The ovary wall is many cells thick to begin with, but during the 
development of the embryo the inner layers are crushed and only the 
outermost layer persists in the mature fruit. This represents the 
pericarp. It consists of empty cells and fuses with the testa of the 
mature seed as in the caryopsis of the grasses. 

The testa in the fully developed seeds consists of three to four 
layers of cells in Boerhaavia re panda and two to three layers of 
cells in Boerhaavia diffusa. In the former plant the cells of the 
testa are empty and there is no deposition of any grains in their 
cells. The testa in Boerhaavia diffusa consists of two parts (Fig. 34). 
The inner part is of one or two layers of empty cells. The outer 
part consists of a single layer of cells, in which some grains probably 
of the nature of aleurone grains are deposited. These grains in 
the beginning are separate from each other, but ultimately they unite 
together and form a mass of brownish yellow substance, which 
occupies whole of the cell (Fig. 34). The deposition of the grains 
extends to the inner layers along the margins of the outer cotyledon. 
Some similar grains are also deposited in the region of the funicle 
(Fig. 32). 

Structure of the Perianth 

As in the Nyctaginaceae in general, the lower part of the 
perianth persists as an envelope for the fruit (Fig. 32). The 
structure of it differs in the two species of Boerhaavia. In Boerhaavia 
diffusa, it has five ribs and an equal number of furrows alternating 
with the ribs. On both sides it is covered by epidermal layers 
(Fig. 35). The outer epidermis bears numerous glandular hairs 
both in the region of the ribs atid furrows (Fig. 35). Each gland 
has a stalk of three to five cells and a one-celled head, as described 
by Maheshwari (1929). Below the external epidermis under the 
ribs there is a layer of palisade-like sclerenchymatous cells, followed 
by a few layers of parenchyma cells. In the region of the furrows 
corresponding to these tissues is found the spongy mesophyll. Next 
in both the regions of ribs and furrows there is seen a contuiuous 
band of fibrous sclerenchymatous cells, followed by one or two layers 
of parenchymatous cells and the inner epidermis. There are five 
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main vascular bundles one below each rib, as described by Joshi and 
Rao (1934). Aleurone grains similar to those in the testa are 
deposited in the outer and inner epidermis and one or two layers 
of parenchyma on either side of the sclerenchymatous fibres. Similar 
grains are also commonly observed in the glandular hairs. 

The perianth of Boerhaavla repanda has ten ribs and as many 
furrows. The outer surface of it is covered by large glands, which 
are developed on the ribs only. The structure of one such gland is 
sketched in figure 36. It consists of a large multicellular stalk 
carrying numerous glandular cells at its apex. The latter (clotted 
in the figure) take darker stain than the rest. They are radially 
elongated and have a nucleus at the base. 

The wall of the perianth in Boerhaama re panda consists mostly 
of parenchyma cells, in which ten columns of sclerenchymatous cells 
are developed below the ten ridges. There are ten vascular bundles, 
one below each rib, as noted by Joshi and Rao (1934). As in 
Boerhaavla diffusa aleurone grains are deposited in some cells of 
the perianth. 

Raphides of calcium oxalate are abundantly deposited in both 
the species of Boerhaavia in the perianth. 

Discussion 

Comparison of the embryo development in the Nyctaginaceae 
with that of pther families of Centrospermales like Caryophyllaceae, 
Amarantaceae, Chenopodiaceae and Molluginaceae shows that it 
reseml)les the latter families in the fact that four or occasionally 
five cells take part in the development of the embryo. It, however, 
differs in four important points. In the Nyctaginaceae after the first 
division of the fertilised egg, subseciuent transverse divisions, up to 
a certain stage at least, take place in the basal cell only. This feature 
is in direct contrast with what is seen in the Caryophyllaceae, where 
the basal cell never divides and the rest of the proembryo develops 
only from divisions in the apical cell of the two-celled proembryo. 
The Chenopodiaceae occupies an intermediate position. Here both 
the cells, resulting from the first transverse division of the fertilised 
egg take part in the development of the proembryo. 

The four apical cells, that form the embryo in the Nyctaginaceae, 
differentiate gradually unlike other Centrospermales. By the time 
the apical cell has divided longitudinally one or two cells out of 
these four are not even formed. They are cut oft* later by the basal 
cell. In other families of the Centrospermales the cells that form 
the embryo are all differentiated before any longitudinal division 
takes place in the proembryo. 

The secpence, in which the longitudinal divisions appear in the 
proembryo in the Nyctaginaceae is quite different from what is 
seen in the Caryophyllaceae, Chenopodiaceae, Amarantaceae and 
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Molluginaceae. In the latter families the first longitudinal division 
takes place in the second, third or fourth cell from the apex, arid 
then extends towards the apical cell. In the Nyctaginaceae the first 
longitudinal division is seen in the apical cell, next in the penultimate 
cell and finally in the third cell. 

The development of the three histogenic layers in the Nyctagi- 
naceae is very peculiar. The periblem originates from the dermatogen 
and is not a sister layer of the plerome as in other flowering plants* 

Summary 

The paper deals with the embryo and seed development in 
B oerhaavia diffusa and Boerhaavia re panda. 

The first division of the egg is by a transverse wall to form 
a basal and apical cell. The former then divides repeatedly to make 
the embryo five cells long. Simultaneously with these transverse 
divisions progressing in the basal cell longitudinal walls begin to 
appear in the proembryo. The first appears in the apical cell, next 
in the penultimate cell and finally in the third cell from the apex. 
These three cells along with a fourth cell adjacent to the third give 
rise to the embryo proper. The apical cell gives rise to the plumule 
and the cotyledons. The second and third form the hypocotyl and 
the greater part of the radicle, while the fourth cell is the hypophysis 
and completes the root apex. 

The dififerentiation of the three histogenic layers is very peculiar. 
The periblem is cut off from the dermatogen and is not a sister layer 
of the plerome as in other angiosperms. 

The suspensor develops from the micropylar cell of the 
proembryo, after it has cut off the hypophysis cell. It is long and 
slender in Boerhaazna diffusa and short and massive in Boerhaavia 
repanda. 

A case of polyembryony resulting from the development of an 
extra embryo from a synergid has been observed in Boerhaavia 
re panda. 

The endosperm becomes cellular only in the micropylar region 
of the embryo-sac. 

The testa and pericarp fuse together in the mature seed. 

Other features of the seed are of the usual Centrospermalean 
type. The structure of the perianth is described in the body of the 
paper. 

My sincere thanks are due to Dr. A. C. Joshi for his kind 
interest and helpful suggestions during the progress of the 
investigation. 
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In the recent work on the intake of nitrogen by the rice plant 
Dastur and Malkani (1933) carried out different types of water 
culture experiments and they have shown by chemical analysis of 
the culture solutions that the ammoniacal nitrogen absorption by 
plants is high in the early stages and low in the latter stages of 
growth while the absorption of the nitrate nitrogen follows the 
reverse order. They have also shown by using different ammonium 
salts that the order for the absorption of ammonia from the respective 
salts was sulphate, phosphate, nitrate and chloride in the early stages 
of growth, while in the case of nitrate salts the order of absorption 
of nitrate ions from the respective salts were in the order ammonium, 
potassium, magnesium, calcium and sodium. Greatest absorption 
of ammoniacal and nitrate nitrogen occurred from ammonium 
sulphate and ammonium nitrate respectively. 

Though the absorption of nitrogen from different ammonium 
salts and nitrate may depend on the kind of the salt used, it does 
not follow necessarily that the growth of plants kept in these salts 
was affected in the same order as the absorption of nitrogen from 
these solutions. These authors have not measured side by side the 
growth of the rice seedlings kept in the different solutions of 
ammonium and nitrate salts. Whether greater absorption of 
ammonium or nitrate ions from these salts, viz., ammonium sulphate 
and potassium nitrate, is accompanied by greater growth of the Rice 
seedlings kept in these solutions is not determined. If this is so, 
the growth made by the seedlings would be less and less in the salts 
of ammonia in the order sulphate, phosphate, nitrate and chloride. 
Similarly the growth made by the seedlings in the solutions of 
different niti'ates would be less and less in the order ammonium, 
magnesium, calcium and potassium nitrates during the early stages 
of rice seedlings. 
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It was, therefore, undertaken to measure the growth of the 
seedlings kept for a definite period in salts containing ammonia and 
nitrate. It was found useful not to restrict the scope of experiments 
to single salt solutions but also to use different combinations of these 
salts. The object of this investigation is to find out the solution 
in which the growth of the rice seedlings is at its maximum. 

In order to carry on this investigation, different factors affecting 
the growth of seedlings in culture solutions must be taken into 
account so as to obtain true relationship between the growth of the 
seedlings and the salt solutions used. Firstly, the importance of 
the acidity and alkalinity of the medium on the growth of plants is 
very well known, and important data on the relation between plant 
and the alkalinity and acidity of the external media are already 
ccllected on different plants by various workers — i,e. Hoagland 
(1918), Duggar (1920), McCall and Haag (1921) and many others. 

Jacobson (1925) grew rice plants in four different nutrient 
solutions and found that the pH value decreased from 5*0 to about 
3*5 during the first 24 hours and it remained practically constant 
for 3 days. It may be- due to the absorption of the basic ions in a 
greater proportion than that of the acidic ions of the salts or it 
may as well be due to the excretion of carbon dioxide by the plant- 
roots. In India, Mitra and Phukan (1929) determined the effect 
of different pH values of nutrient solutions on the growth of the 
roots of rice seedlings one month old. They used the length of the 
roots as a measure of growth and found that the highest root 
development was obtained at a concentration of 0*03% of NaOH, 
i.e,, at pH 7*9 and that pH 3*9 was distinctly toxic. 

From the review of the previous work given in the above para, 
it appears that two important points must be taken into considera- 
tion in the arrangement of the experiments. The pH of each salt 
solution must be so controlled by the addition of weak alkali or 
weak acid as to obtain a wide range of pH values with a graduation 
of 0*2; secondly the pH of the solution should be kept constant by 
ithe addition of weak acid or alkali as the case may be every twenty- 
four hours during the period of experimentation. This is necessary 
as the plants affect the reaction of their external media. Amongst 
those who have worked on the subject Veitch (1902), Breazeale 
and Le Clerk (1912), Jones and Shive (1922), Hoagland (1918), 
Conner and Sears (1922), and Olsen (1923) may be mentioned. 
Some workers found that the direction of the pH changed towards 
neutrality if the original pH was towards the acidic side while 
others found that the direction of the change depended on the plant 
used, Arrhenius (1922) has studied the effect of the rice plant on 
the pH of the nutrient solutions. In all cases the rice plant brought 
the pH of all nutrient solutions with different initial values to 6*2. 

The second important factor to be taken into consideration is 
the total osmotic values of the nutrient solutions used. The osniotic 
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values of the nutrient solutions used should be approximately the 
same, otherwise the comparison of growth made by the rice plants 
in different solutions may not be strictly valid. For this reason 
iso-osmotic solutions of different salts should be used. The salt 
solutions should be periodically renewed, preferably twice a week, 
otherwise the concentration-changes brought about in the solutions 
may effect adversely the growth of rice seedlings. 

Methods Adopted 

The H-ion concentration of the cultures and various salt 
solutions used were determined by the colorimetric method given by 
Clark (1920). The results of pH obtained by this method were 
also verified by the quinhy drone electrode method in some cases. 

In order to obtain the desired pH value of a salt solution, weak 
alkali or weak acid as required was used. The acid used was 0*2 
Normal phosphoric acid and for the alkali N/40 sodium bicarbonate 
was used. 

Rice seeds of the Columba variety 42 were soaked in water 
for 24 hours and allowed to germinate in saw dust. Watering was 
done twice a day, once in the morning and once in the evening. 
When they were 14 days old they were taken out of the saw dust 
and washed thoroughly first with tap water and then with distilled 
water. Healthy seedlings with equally developed roots were selected 
from this lot. The length of the roots taken was generally 4 inches. 
480 such seedlings were selected for each series. 

Cylindrical jars of about 1,500 c.c. capacity are chosen, and in 
each jar 30 seedlings are kept to grow. The jars are fitted with 
wooden covers bearing six holes, each hole carrying 5 seedlings. 
The inside of the jars was completely paraffined so as to prevent 
any change in the pFI value of the solutions due to the solubility of 
glass in water. 

The culture solution used was that given by Knops as modified 
by Tottingham. 

It was first undertaken to determine the effect of the omission 
of iron from the normal culture solution on the growth made by the 
rice seedlings as there is a great deal of difference of opinion on 
the availability of iron to the rice plant. It has been maintained by 
Gile and Carrero (1920) and Willis and Carrero (1923) that 
nitrates are less valuable as a source of nitrogen than ammonium 
salts since the former cause unfavourable soil reaction and unavail- 
ability of iron, though this view has been disputed by Metzger and 
Janssen (1928). 

It was, therefore, first undertaken to study the effect on the 
growth of Rice seedlings of (i) omission of iron, (ii) addition of 
ferrous sulphate and ferric phosphate separately and (Hi) replacing 
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pctassiiim nitrate by ammonium sulphate in the culture solutions. 
The pH of each of these solutions was kept varied from 3*6 to 7*0 
with a graduation of 0*2 pH except in the first case where the 
graduation is 0*6 pH. 

Four series of experiments containing (i) culture with FeS04, 
(ii) culture with FeP04, (iii) culture without Fe and (iv) culture 
with (NH4) 2SO4 instead of KNO3 were started. The experiments 
"were carried in triplicate. The 14 days old seedlings germinated in 
saw dust were kept in the culture jars and they were allowed to 
grow for a fortnight in all cases. The results are given in Table I, 
and Figure 1. 


TABLE I 

Weights of roots and leaves in mgs. of Rice Seedlings 
Average of 3 sets of experiments 


pH 

Culture, with 
FePO^ 

Culture with 
FeSOi 

Culture 

without 

Fe 

Culture with 
(NH^) 2 SO 4 in 
place of KNO 3 

3*6 

233-3 

233-6 

233-2 

233-4 

4-2 

238*2 

234-0 

233-1 

233 6 

4*4 

239*6 

235*0 

2337 

234-7 

4 6 

239*6 

2360 

234 8 

23S-3 

4-8 

240*0 

236-1 

23 5 0 

235*0 

5*0 

2417 

235*6 

235-2 

236-8 

5-2 

242*5 

2367 

236*3 

238-0 

5'4 

246-3 

238*0 

237*0 

237-4 

5*6 

247*4 

239*0 

238-0 

239-4 

5*8 

248*6 

240*0 

239*0 

241-4 

6*0 

249-4 

243*6 

240 0 

2420 

6*2 

250*2 

244*3 

244 0 

242-8 

6*4 

251 8 

245*0 

245*0^ 

244 0 

6*6 

252*5 

245 7 

247*0 

244-6 

6*8 1 

260*0 

246*5 

249*0 

245-6 

':7*o,;,.. 

261*5 

246*0 

250*0 

245-5 
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Average weights of rice seedlings grown in different culture solutions. 

In order to determine the solution in which the highest growth 
of the seedlings takes place, it was necessary to analyse statistically 
the data by Fisher’s method of Analysis of Variance. The^ total 
variance is to be divided into that due to different pH, that due to 
different treatments and the residual variance, which in the present 
case is the variance due to the interaction of pH and treatments. 
Results of differences between the mean yields are given in Table II. 


TABLE II 

Differences between the mean yields 


■ ■ 

Culture 

with 

FePO^ 

Culture 

without 

FePO^ 

Culture 

with 

FeSO^ 

Culture with 
(NH4^)"S0^ 

Culture with 

FePO^: 

— 

- 59*4 

— 60*2 

— 63-0 

Culture without 
FePO ^: 

+ 59-4 

— 

1 

o 

ob 

—3 

Culture with 
FeSO^ 

+ 60-2 

0-8 

— 

‘8 

Culture with 
(NH4)2SP4: 

+ 63-0 

3*6 

2*8 
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The culture with FeP04 is highly superior to all the other three 
treatments, the differences between which are statistically non-signi- 
ficairc„ The above conclusion is evident from the examination of 
Table I and the graphs given in Fig. 1. It can also be seen that 
the pH of each culture solution has great effect on the growth of the 
rice seedlings irrespective of the salts used. The rice seedlings 
show very little growth in very acidic solutions. The dry weights of 
tlie seedlings are very low in the solutions of pH 3*6 — 5*0. The 
gro\^th is the highest in solutions of very low acidity with pH 
between 6-6 and 7*0. 

Replacement of potassium, nitrate by ammonium sulphate in 
the culture solution shows no beneficial effect on the growth of the 
seedlings. 

In the second year of this investigation it was undertaken to 
study the effect of nitrates and ammonium salts on the growth of 
the rice seedlings. In these experiments the procedure adopted 
differed in two important aspects. In the first case the pH of each 
culture solution was maintained the same by the addition of phos- 
phoric acid or sodium bicarbonate as. the case may be every 24 hours. 
The procedure of bringing the pH of . a solution to its initial value 
every 24 hours is described above in the methods. The second 
important departure was the renewal of culture solutions every 
week. This w^as necessary in order to maintain the original ionic con- 
centrations of the salts used. Period of one week is selected on 
account of the findings of Dastur and Malkani (1933) that an equi-' 
librium between the internal concentration and external concentration 
of an ion like the ammonium ion is reached when the rice plants 
are kept for a week in a solution of salts. 

In the first place three nitrate salts and three ammonium salts 
were taken and the solution of these salts were individually used 
for determining the effect on the growth of the rice seedlings. The 
range of pH values used in each case was the same as before and 
the experiments were made in triplicate series. The salts used were 
nitrates of potassium, magnesium and sodium and the ammonium 
salts used were sulphate, phosphate and chloride. 

The results obtained are very interesting. The growth of the 
rice seedlings is greater in the solutions of high pH than in the 
solution with low pH in the case of all the salts. In the case of 
potassium the dry weight of the seedlings increases in solutions of 
pH above 5*0; it means that higher acidity in potassium nitrate 
solutions retard growth. The same is true of the dry weights of 
the rice seedlings in the ammonium, sulphate solutions. In the case 
of ammonium phosphate solution marked increase in dry weight 
occurs in solutions of pH values lower than in the preceding two 
cases, and beyond pH 6*6 the dry weights of the seedlings show a 
definite decline. Very little growth is made in ammonium chloride 
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solutions while it is medium in solutions of nitrates of magnesium 
and sodium. Thus the most favourable pH in the acidic range is 
near 7-0 except in the case of ammonium phosphate where the most 
favourable range of pH for growth lies between 6*2 to 6 ’ 6 . It 
appears that in the solutions of different salts with a low pH value, 
the latter becomes a limiting factor in the growth of the seedlings 
irrespective of the nature of the salt used. The differential effects 
on growth of the seedlings of different salts become visible as the 
pH values of the solutions rise from about 5*0 onwards. Then the 
different salts used stand in the order (NH4)2S04=(NH4)3P04 > 
KNOjj > Mg(No 3 )2 > NH^^Cl^Na NO 3 so far the growth of the 
seedlings can be judged from the results in Table III and Fig. 2. 



Mean values of the dry weights of the rice seedlings in solutions of 
nitrates and ammonium salts. 
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TABLE IIL 

Mean values of the dry weights of the rice seedlings in 
solutions of nitrate and ammonium sails* 


pH 

KNO 3 

1 

1 xaNOg 

I 


(NH^laSO^ 


NH^^Cl 

3-6 

233’6 

234-6 

234-3 

234-2 

235-3 

233-0 

4-2 

235-6 

236-9 

236-5 

236*4 

235-6 

238-9 

4-4 

236-5 

237-5 

239-8 

236-8 

239-0 

239-0 

4*6 

237-6 

239-5 

239-3 

239-4 

240-5 

238-0 

4-8 

238-5 

235-0 

24M 

240-8 

241-3 

238-9 

5-0 

240-9 

238-3 

236-6 

243-1 

241-6 

240-6 

5-2 

247-8 

238*4 

23S-9 

24S-3 

242-8 

241-7 

5*4 

1 245-1 

1 239-7 

241-3 

! 243-8 

245-1 

243-0 

5-6 

244*1 

i 241-7 

j 240-8 

245 7 

244-3 

243-2 

5-8 

244-8 

1 241-8 

243-2 

247-4 

245-8 

243-8 

6*0 

245*6 

1 239-7 

244-1 

248-8 

247-9 

242-5 

6-2 ' 

247-6 

244-3 

243 8 

248-7 

248-6 

240-9 

&4 

248-4 

245-7 

243-2 

249-1 

GO 

243-2 

&6 

248-6 

246-3 

244-7 

, 248-7 

253-1 

242-1 

6*.8 

247-8 

1 244-2 

244-4 

251-0 

247-6 

243-7 

7*0 

250-2 

245-7 

245*9 

253-5 

245-9 

243-3 


These results of the dry weights of the seedlings are 
statistically examined according to the method described, in order 
r to determine the salt solution in which highest growth has occurred 
taking all the solutions of different pH values considered together. 
The difference between the mean yields in various treatments ({,e,, 
salt solutions) are given in Table IV in which any two treatments 
may be compared and their relative superiority determined. It wi|I 
be seen that ammonium sulphate is superior to all other treatments. 
It is better than ammonium phosphate but the differences between 
the two are not significant. Sodium and magnesium nitrates and 
ammonium chloride have proved to be much inferior treatments. 
Thus the results conclusively confirm the superiority of ammonium 
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sulphate over potassium nitrate for the growth of rice seedlings in 
the early stages of growth. 


TABLE IV 


Table of difference between the mean yields. 



KiNO;, 

NaN 03 

Mg (NO 
3)2 

(NH 4) 

2 SO 4 

(NH4) 

3 SO 4 

NHjCr^ 

KNO., 



—23-55 

-22-05 

+14-65 

+ 8-50 

-20-85 

NANO 3 

4-23-55 

— 

4 1-50 

+38-20 

+ 31-70 

+ 2-70 

Mg(NO,), 

22-50 

— 1-50 



+36-70 

+30-20 

+ 1-20 

(NH4)2SOi 

—14-65 

—38-20 

1 —3670 

, 

— 6-50 

—35-50 

(NH4)3P04 

— 8-50 

—31*70 

-30*26 

+6*50 

— 

—29-00 

NH 4 CI 

4-20-85 

•— 2-70 

- 1-20 

+35-50 

429-00 

— 

1 


1 






Double lines indicate significance at 1% level. 
Single lines indicate significance at 5% level. 


It was also undertaken to use a two-salt solution containing 
three or four different ions in different combinations to study the 
effect of the different ions when used singly or in presence of other 
ions. It would also help in determining the effect of the nitrate ions 
in presence of ammonium salts and vice versa, on the growth of the 
plants. It is not attempted to use all the combinations possible as 
the number of experiments becomes too large to manage but the 
following combinations have been used. Ammonium phosphate is 
combined separately with nitrates of sodium and magnesium. 
Ammonium sulphate is combined with calcium or sodium nitrate 
and ammonium chloride is used in combination with calcium or 
magnesium nitrate. In one series of experiments calcium and 
magnesium salts are combined to study their effect on the plant 
while in another case two sulphate salts are combined for the same 
reason. Side by side, it was found necessary’ to start a series of 
•experiments with the culture solutions containing all the essential 
ions. 

The results of the dry weights of the rice seedlings grown in 
different solutions containing mixtures of two different salts and in 
normal culture solutions are given in Table V. 
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In the culture solution the dry weights of the seedlings increase 
steadily as the pH value rises from 4-2 to 7-0 thus agreeing with 
the results discussed above. Growth of the seedling is retarded in 
acidic media. The same remarks can be applied to the results of 
the different mixtures containing ammonium phosphate. In case 
of ammonium phosphate solution, the best growth is made in solu- 
tions of pH 6-2-^-8 (Table V). In the case of ammonium 
chloride solution with sodium nitrate or magnesium nitrate the pH 
from 5*6 to 6*6 appears to be the most favourable for growth 
(Table V), In case of mixture of ammonium sulphate and calcium 
nitrate the acidic media from pH 3*6 to 5*0 are definitely detri- 
mental to the growth of the seedlings and the best growth is made 
in the solution of pH 6*6 to 7*0, It is difficult to say the range of 
pH favourable to growth in case of the mixture of ammonium 
sulphate and magnesium sulphate as very little increase in dry 
weights are noticed in all cases. In case of the mixture of calcium 
nitrate and magnesium sulphate, highest dry weights are obtained 
near the pH 6-8 to 7*0. In the case of the mixtures of these two 
salts highly acidic media are injurious to the growth of the rice 
seedlings. As the results stand in Table V, culture solution appears 
to be the best solution for the growth of the rice seedlings. The 
mixtures of the ammonium phosphate with the three different salts 
are the next best, but the growth of the rice seedlings is not as 
vigorous as in the case of pure ammonium phosphate solution. The 
presence of nitrates of sodium and magnesium and ammonium 
chloride shows a depressing effect (Table V). The mixture of 
ammonium chloride with sodium nitrate was found better than the 
mixture of ammonium chloride with magnesium nitrate. In the 
latter case there is very little growth made by the seedlings. The 
mixture of ammonium- sulphate with calcium nitrate is found less 
beneficial to the growth of the rice seedlings than ammonium sulphate 
alone, while the mixture of ammonium sulphate with magnesium 
sulphate was found definitely bad. The presence of magnesium is 
found harmful to the growth of the rice seedlings except in the 
presence of ammonium phosphate. 

The statistical examination of the results has been carried out 
as before and the results of the differences in the mean values of 
the yield are presented in Table VI. It will be seen that culture is 
superior to all treatments at 1% level of significance. Mixtures 
of ammonium phosphate with different salts are the next best 
of which the mixture of ammonium phosphate and ammonium 
chloride appears better than the mixture of ammonium phosphate 
with two nitrates, though the differences between them are not 
significant. The mixtures of ammonium sulphate with magnesium 
^Iphate and with calcium nitrate have proved to be the most 
inferior. The same remarks apply more or less to the rest of the 
treatments. 


TABLE VI. 

Table of differences between th 
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Summary 

In their studies on the intake of nitrogen Dastur and Malkani 
(1933) have shown that rice seedlings absorb mo^'e of ammoniacal 
nitrogen than the nitrate nitrogen from their respective salts. They 
have also determined the order of absorption of the ammonium 
and nitrate ions from their respective ammonium salts and nitrates 
and they have shown that the ammonium salts stood in the order 
sulphate, phosphate, nitrate and chloride as far as the absorption of 
ammonium ion was concerned. 

Similarly the nitrates stood in the order ammonium, potassium^ 
magnesium, calcium and sodium. 

In the above investigation the effect on the growth of the rice 
seedlings of the absorption of these ammonium and nitrate ions 
from different salts is not determined. It is necessary to determine 
if the greater absorption of the ammonium ion is accompanied by 
greater growth of the seedlings as compared with the growth of 
the seedlings kept in solutions of nitrates. 

The effect of the hydrogen ion concentration of the salt solution 
on the growth of plants is well-known and it is therefore necessary 
to study the growth of rice seedlings in salt solutions of different 
pH values. 

The pH value of each salt solution has great effect on the 
growth of the rice seedlings. The results show that in all cases the 
greatest growth occurred in the salt solutions whose pH ranged 
from about 6*0 to 7*0. Very little or no increase in dry weight 
was noticed in the salt solutions with low pH values indicating that 
acidity lower than 6*0 pH was detrimental to the growth of the 
seedlings. 

The results of these experiments were statistically interpreted 
by using Fisher’s method of analysis of variance and as a result of 
that the following facts emerged. 

Culture with Ferric Phosphate was superior to culture with 
FeS04. Similaidy culture with Ferric phosphate was superior to 
culture without iron. No difference was found between the culture 
with FeS04 and culture without iron. Culture with potassium 
nitrate as a source of nitrogen was found superior to culture with 
ammonium sulphate. 

Amongst the single salt solutions ammonium sulphate and 
ammonium" phosphate are found superior to potassium nitrate as the 
dry weights of the seedlings are higher in the former than in the 
latter. In the other nitrates and ammonium salt solutions the growth 
of the seedlings is poor. 

In the two salt solutions those combinations which contain 
ammonium phosphate are found to be superior to other combina- 
tions. 
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The ordinary culture solution is found to be the best of all the 
solutions used. 

Thus for the growth of the rice seedlings ammonium sulphate 
and ammonium phosphate are found to be better than potassium 
nitrate and the most favourable pH for the growth of the rice 
seedlings lies between 6-0 and 7 - 0 , i.e., towards the neutral point. 
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When A. Heim and A, Gansser in 1936 went on a geological 
■expedition to the -central Himalayas they also collected plants. The* 
xesiilt of the trip, some 200 species, was given to the Botanical 
Museum of the University of Ziirich, where the plants will be 
determined. They also made ample notes concerning Flora and 
Vegetation, chiefly in the alpine region, which allow us to form a 
.good idea of the distribution of the Flora there. In the following 
we will try to sketch its relations to the great eurasiatic vegetation 
•units. 

The subaipine Forest Belt (Larch-Pinus Cembra Belt) 

In the valleys of the northern Kumaon, in the frontier region 
towards N. W. Nepal and Tibet, the sul^alpine forest consists 
rsiainly of Betula utilis (see plate IX) ; occasionally, Conifers, Pinus 
4,vcelsa and Abies spectabilis (=A. Webbiana) are so frequently to 
•be -found that they predominate -in the aspect of the forest. In the Kali 
valley, between Tinkar and Garbyang, a forest of birch and white 
spruce with solitary pines is mentioned, below Changu an ^'aromatic 
pine forest”, again above Garbyang rear Kalapani (3800 m) a pine 
forest, and the same between Gunji and Garbyang ‘‘along the 
road” and near Gunji (3175 m) . . Near Sepu (3490 m), a birch 
wood intermixed with some firs was seen on the shady side, 
•near Rilkot “in Tola” “some fir wood”, along the Kuari pass at 
.3500 m “firs with Rhododendron,” and there also, between 3550 
and 3650 m altitude a birch forest with “oak and big Rhododend- 
Ton.” On gravel terraces and cones of rubbish, Conifers 

predominate very frequently (see PI. X). Betula utilis reaches 
•enormous size. The Holy Birch near Tijang in the Valley of 
Lissar, at an altitude of 3300 m, has been found by Heim to have 
5 
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a diameter of 25 m in the crown, and its two main trunks measure 
1,5 and l,,2m (see PI. XI). Near the limit of the forest the 
trees are smaller and crooked, as in Betula tortuosa of the Alps. 

The undergrowth of the subalpine forest consists of shrubs of 
Rhododendron species, such as Rh, Anthopogon, RJi. canipamda- 
twn, Rh. lepidottini, then Lonicera — , Ribes — Cofoneasfer—, Rosa 
species, and between them some few Podophylfum, Allium, Corhisa 
Matthioli, Prirmda nivalis and others. 

There is no fully matured soil, as the steep slopes do not 
permit it. Considerable layers of raw humus are often lying* on 
the mineral soil which is so little weathered that the humus can 
easily be carried away. The soil of pine woods on gravel terraces 

or cones too has often A — C profiles, the humus lies directly 

on the not or only very little disintegrated mineralic ground. 

The subalpine zone dominates the region between 3100 and 
3900 m of altitude (near Kuti and in the Soringonga valley along 
the Dutuk Dhura-pass up to 4000 m), but it is well developed 
on the north-exposed slopes only. On the south-exposed sides 

of the larger valleys, the forest is scanty or even missing 

completely, either destroyed by men (fire places frequent) to 
gain pasture ground, especially near villages and caravan tracks, 
or due to climatic conditions, as dryness does not allow the forest 
to develop. Its place is taken by low shrubs of Juniperus coniinunis, 
I. IVallichiana, Cotoneaster — , Rosa — , Salix — , and other species 
with a more xeric character than the society of Betula- Rhododend- 
ron. Nevertheless, mixed with these shrubs ax'e some high herbs 
of subalpine character, such as Rheum, Anemone, Geranium, 
Podophyltum, Epilobium latif oliuni, Szmertia petiolata. In more humid 
places were found luxuriant meadows of herbaceous perennials; 
when going up from Ralam to the Dutuk Dhura-pass, Heim 
noticed luxuriant perennials of manured lair flora, and plains- 
covered with fern, on the Ralam-pass high grown meadows with 
Pedicidaris — , Gentiana — Geranium — and Orchis species, in the 
dryer valley of Kuti places with Primida — , Myosotis — , Ranun- 
culus — , Geranmm~r~^ Corydalis — , Delphinium — , Aster and 
Anaphalis species, Hierochloa laxa, Polygonum affine, Anemone 
polyanthes , Kaschmirica, etc. Extensive thickets of Rosa sericea 
and the less spread R, macrophylla, Primus species on road sides 
and near villages depend on the influence of man ; alpine pastures, 
which are found chiefly on moraine ground and gravel terraces are 
very rich in flowers (in July) ; in the valley of Kuti, Potentilla 
argyrophylla with its yellow or red flowers was surprisingly 
frequent. Already our actual scanty knowledge of the subalpine 
forest zone of the Himalayas is sufficient to show that we can very 
well compare it to corresponding regions in Eurasia. Most genera 
occur in vicarious, partly even in identical species. Such a forest 
belt, consisting of larch-trees, pines, and birches, forms the upper zone 
of all mountain forests,' from Himalayas over the west — , central — ■ 
and north-Chinese mountains to the subarctic Siberian plains and 
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to North-America, and from the South Siberian mountains to the 
mountains of north and central Europe. . The vegetation of the 
inner Kumaon valleys also shows a great physiognomic resem- 
blance to that of the central Asiatic mountains, Tianshan, Altai, 
and even to the dry inner alpine valleys, The north-exposed slope 
is covered with forest of Films spec., Betula resp. Larix, with a- 
luxuriant undergrowth of Rhododendron; bn the south-exposed 
side we find here and there isolated woods of these species 
of trees, surrounded by large bushes of Juniperus. Forests of 
larch, pine or birch are here limited by the forest-steppe* In the 
inner alpine chains, the larch — Pinus Cembra stage lies about 
1500 m lower than in north Kumaon, between 1500 and 2400 m; in 
eastern Afghanistan between 3000 and 4000 m, in Hindukusch be- 
tween 3000 and 4000 m, in the eastern Himalayas between 3000 and 
4300 ni; in east-Tibet between 3200 and 4300 m, reaches in 

Tsinling-shan up to 3200 m, in Wutai-shan up to 3000 m, and in 
Wuling-shan up to 2200 m (compare Limpricht, 1922), The 
richest flora of this belt is found in the old mountain 

center of East-Tibet, in West-China, and in south-eastern Siberia; 
it is poor in the north-western plains and in Europe. As 
in the Alps, this vegetation belt has also its southern limit in the 
Himalayas but here it is much better represented. Whereas 
in the Alps, the glacial periods have separated the flora types 
of the subalpine (and alpine) belt from those of lower zones 

in such a way that their genetic relations to these lower positions 

have been destroyed' and are only found as relicts in island-like 
places, in the Himalayas (and still more in the east-asiatic moun- 
tains) the stock of species of the subalpine belt is much more 
genetically connected with that of the lower belts (compare Diels 
1901) ; one has to think only of the genera Delphinium, Thcdictrum, 
Corydalis, Astragalus, Vacciniuni, Rhododendron, Szoeertia, Scro- 
phularia, Pedicularis, Scutellaria, Prenanthes, Saussurea, and 
others. 

If the subalpine forest belt of the Himalayas is much better 
developed than in the Alps, this is because there was no destruction 
in the glacial period (Heim says that the glaciers did not come 
down to an altitude lower than of 2000 m)., and it is much nearer 
to the floristically rich regions of the East. In both mountains, 
a large part of the flora of this belt has an autochthonous character. 

In this subalpine belt, the cultivation by man is found as 
high as 3660 m in Ralam, 3490 m in Sepu, 3425 m in Milam, 
3750 m in Kuti. In these fields are cultivated 6~rowed barley (even 
at 4300 m), potatoes, buckwheat, spinach, parsley, onions, radishes, 
and turnips. In Kuti there was found an area of about 1 km. sq. with 
two sorts of barley and two species of buckwheat. Potatoes are 
sown about the 10th June, and gathered in October. The cultures 
suffer from late frost and sudden heat. In the high villages, only 
a few families remain in winter, as for instance 3 out of 80 in 
Kuti. 



272 


E. SCHMID 


The Pulsatilla — Forest-Steppe — Belt 

The siibalpine forest has two climatic boundaries, one thermic, 
which is in Kumaon at the same time the altitude limit for the 
birch— Rhododendron forest, and for the forest on the whole, 
and another which is a xeric limit. At this xeric limit there is 
a zone of clear forest or bush between forest and steppe in which 
is found an undergrowth of temperate xerophile herbs aiicl 
shrubs, to a large extent bioclimatically independent of the tree- 
species. This forest-steppe belt is frequent in the northern part 
of Eurasia; it encloses in the south the eurosiberian forests of coni- 
fers, enters in Europe for reasons of plant history (displacement of 
Taiga in the glacial period) into the regions of angiosperm forests. 
The same occurs in northern East-Asia. It is found on the dry slopes 
of the steppe-mountains in Central-Asia, and occupies the 
southern slopes of the dry mountain valleys from the Alps to the 
North-Chinese mountains. For the Pulsatilla-forest-steppe belt 
are characteristic : Piniis — Juniperus — , Pulsatilla — , Astragalus — , 
B>erberis — Caragana — , Erysimum — , Festuca — , Galium (boreale, 
verum) — , Goody era — , Koeleria — , Onosma — , Thesium — , and 
other species. 

We conclude from Heim’s notes and collections that this belt 
is not well represented in Kumaon. There are mentioned on the 
south-exposed slopes of the innermost valleys from altitudes below 
and above those of the subalpine birch forest belt, dry shrubs, for 
instance in the Satopnath valley above Badrinath at 3700 m JunP 
perns W allickiana, J. cf. commiunis, Ephedra Gimardiana, Salix 
spec., from Gunji on gravel cones up to 3900 m forming thick 
bushes with J uni perns cf. c omniums, 7. IVallichiana, Rosa — 
Ephedra — , Rihes — , Cofoneasfer species; at Tinkar down the 
valley to Garbyang in positions exposed to south with Juniperus 
' IVallichiana, Rosa — , Bei'beris — , Cotoneaster species; near Tola- 
Milani 3300 m, 2 Juniperus — and 2 Cotoneaster species, whereof 
one with tree-like habit grows to 2 m height, Juniperus Walli- 
ckiana is very frequently noted; it is much used as fire-wood, ‘hhe 
only wood in Kuti” : it is found there up to 4600 m, and is reported 
not to grow from Uttadura-pass northward. There has been col- 
lected near Kuti out of the Juniperus- Wallichiana — society: Rosa 
macrophylla, R. sericea, Steilera Chamaejasme, Hlerochloa laxa, 
Scutellaria prostrata. Erysimum hieracufolium, Myosotis spec., 
Arenaria Kashmirica; on lime; Callianthemum pimpinelloides. 
Anemone spec:, Geranium spec., Thymus Serpyllum; on pastures: 
Iris spec., Polygonum affine, Anemone spec., Potentilla argyro- 
phylla, Morina Coulferiana, Dracocephalum spec.: Macrotomia 
Benthami; ne 2 cc Milam-Rilkot : Leontopodium Stracheyi, Anapha- 
Us (some species): Cyananthus limfolius, Aster spec. 

The Pulsatilla— forest-steppe— belt contains in the Himalayas 
only few endemic species; There is for mstzrice J liniperus W 
ehiana, nearly relzted to Juniperus pseudosahina, moteoyet Lonicera 
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glauca, several species of Nepeta and others. The neighbouring 
'eastern regions have also contributed very little to this belt; here 
must be mentioned the genera Jianperus (recurva, squami'imta) , 
Adonis, Berberis, Le onto podium; much more extensive is the 
western influence which is represented by the genera Avena, Bromus, 
Pulsatilla, Erysimuin, Cynanchum, Teiicrnmi, Phlomis, 0 nosnia, 
Galium, Pact lie a, and others. This poor development of the belt 
ill the central Himalayas is due to the small area in horizontal and 
vertical direction suited for it. In the south, the valleys are soon 
too humid, and where they are dry enough, they are too hot (here 
dominates Pinus longifolia) . On the Ti])etan Highland, however, 
the altitudes are above what is suitalfle for trees. From the ivaiit 
of endemics, we conclude a comparatively young age of thai 
belt in the Himalayas ; already in the upper Indus valley, in Hindu- 
kusch, in Tianschan, the belt is much more complete; but also in 
the east, in eastern Tibet (up to 4500), in the mountains around 
the Kukunor, in Nanschan, Alaschan, it must be much more 
developed concluding from the flora-lists and descriptions of vegeta- 
tion at hand. Its main-region lies between the eurasian conifer — 
and steppe zones. With reference to a large part of its species, 
it can be considered genetically as a xeromorphose out of the 
tertiary conifer region, beginning already with the upward-move- 
ment of the alpides. 

The Alpine Dwarf Shrub — ^Tundra 

(The V acciniimi uligi nosum — Loiseleuria — B elt ) 

To conclude from the observations made by Heim and Gansser, 
the birch — Rhododendron forevSt on the north-exposed slopes is 
limited by a horizontal line, without dissolving in solitary trees. 
Steep rocks and grooves of avalanches are the only interruptions 
of this line. Above the forest, at about 3900 to 4000 m, begins 
the region of alpine dwarf shrubs with Rhododendron Anthopogon, 
Rh. lepidptiun, Rh. campanulatimi, Cassiope fastigiata, and others, 
with a luxuriant growth of moss and lichens and with alpine herb 
meadows. The dwarf shrub heath prefers the north-exposed 
slopes, the meadows the south-exposed valley sides. Closed 
Rhododendron areas are found up to about AZOQm; Rhododendron 
Anthopogon has been seen at the Satopnath-glacier at an altitude 
between 4600 and 4700 m. The ground consists of a layer of raw 
humus on a very little weathered mineralic underground. The 
meadows are very rich in species. On the Chaga-pass were col- 
lected in a pastured meadow: Aletris nepalensis, AUiiim cf. 
auricidatiim, Fritillaria Stracheyi, Anemone spec., Sedum 
aitadrifidum, S. cremdatum, Potentilla argyrophylla, Viola biflora 
in a very hairy form ; near Kuti : Iris cf. kumaonensis, Polygonum 
affine, Anemone polyanthes, Potentilla argyrophylla, P. amhigua, 
Geranium sgte.y Primula div. spec., Veronica capitata, div. Pedi- 
cularis spec., Anaphalis nubigena; on the Shialapass: Lloydia 
serotina, Orchis spathulata, Isopyrum grandifloruni, Cardamine 
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pratensis var., Potentilla argyrophylla, Geranimn spec,, Primtda 
spec., AnaphaUs nuhigena, Aster flaccidus; along the Ralam~pass 
a '‘paradise of flowers/' with: Juniperiis Wallickiana, Meconopsis 
aculeata, Corydalis Gortschakovii, Potentilla spec., Pedicidaris 
rhinanthoides, P, cf. macrantha, Leontopodiuin leontopodinuiu ; in 
the Nampa valley: Lilhtm nepalense, Thermopsis barbata, Gentiana 
pyguiaea var. acimiimta, Lancea tibetica; on a marshy bank of a 
brook in the west of Ralani at 4000 m: Pedicular is tubi flora; near 
Laptal, at 4200 m: Gentiana humilis var. evolutior, G. Moorcrof- 
fiana, Pleurogyne carinihiaca, PI. spathulata, Sciitellaria spec., 
Aster spec.; near Kuti, 4100m: Primula inimlucrata; in a boggy 
depression on clay in the Chaga valley at 4200 m : Veronica 
Anagallis, V. biloba, Parnassia piisilla; on moraine ground of the 
Lebong pass : Delphinium spec. ; on the Ralani pass : Frifillaria 
oxypetala, Orchis spaihidata, Corydalis spec., Pedicidaris spec. ; in 
the Nampa valley: Lloydia sorotina^ Saxifraga SfoHtskae, Viola 
bi flora, Androsace znllosa var. Jaquemontiana, Lancea tibetica, 
Eritrichmm^ AnaphaUs nubigena; on lime rubbish near 

Kuti : Anemone polyanthes, CalUanthemum pimpineU Trigo- 

nella corniculata. Geranium spec., Sfellera Chaniaejasnie, Thymus 
Serpylhmi; on rubbish of lime slate on the Chaga pass: Lagotis 
spectabilis, Primula nivalis var. macrantha, Corydalis Gortscha- 
kovii; on lime rocks near Kuti: Juniperus Wallichiana, Iso py rum 
grandiflorum, Bergenia Stracheyi; near Kalapani: Lloydia serotina, 
Anemone rupicola, A. polyanthes, Saxifraga Stolitzkae, Potentilla 
hifurca. On the south-exposed slopes of the inner valleys, with 
approach to the high plains, more and more species of the steppe 
are intermixed v/ith the plant genera of the lower alpine belt (see 
below). 

A large part of the species, and most of the genera of this 
lower alpine belt appear to come from the east, from east Tibet, 
western China and the adjoining northern East- Asia. There lies 
the centre of development of the Orophytes of the genus Tofleldia, 
Rheum, Meconopsis, Delphinium, Rhododendron, Gentiana, 
Primula, Androsace, Szveertia, Pedicularis, Aster, Leonto podium, 
Saussurea, and others, while the relations to the north-w^est are 
much less numerous. Plant societies of the belt dominated by 
Ericaceae are completely missing in the central- and west- Asiatic 
mountains (in the Tianshan and Altai they are seen only on the 
northern mountain side), and are found again only in the Caucasus, 
in the Balkan and in the Alps. The belt of Vaccinium tdiginosiim, 
Loiseleuria is found in the central Himalayas as a small zone, 
enlarging fan-like towards the east, over the east- Asiatic moun- 
tains to the arctic plains, where it encloses the northern hemisphere 
, in a large zone poor in species, limited in the south by the subarctic 
forest. Towards the west, the belt enlarges also, but is founcl only 
island-like and very poor Tn the central- and west- Asiatic moun- 
tains, becoming again more complete in the Caucasus and in the 
. European mountains/ 
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In the Himalayas the belt is autochthonous ; that must be con- 
dueled from ihe genetic relations to spedes of lower regions (Diels 
1901), and from the numerous Endemics of high value. Just as 
in the other areas of its original regions, it is a production of 
•orophyts from the conifer-zone with older parts from the tertiary 
angiosperm forest regions, beginning with the upward-movement 
of the alpides. Richness in species and the genetic union of the 
flora-types with the flora of the lower regions show distinctly that 
the Eurasiatic mountains, mainly the east-Tibetan-Chinese 
mountains, and not the arctic circle, are the centre of origin of 
this flora as has already been mentioned by Grisebach 1872. 

The influence of man in the lower Alpine region is unimpor- 
tant, and is only found by pasturage near the caravan paths. 

The Carex — Elyna — Belt 

The meadows of the highest vegetation belt expand above the 
dwarf -shrub heath and the luxuriant meadows of the lower Alpine 
zone, at an altitude of about 4300m. This belt is found in pioneer 
turf up to 49UOm and in single individuals upto 5500m. The snow 
limit is found by Heim and Gansser to be in the inner valleys at 
5300 to SSOOm, near the Tibetan frontier at about 5600m. In 
this tipper Alpine region, there is not only the upper thermic limit 
for phanerogamic plants, but also the dry-limit, that is the limit 
beyond which all precipitation is evaporated again, without depo- 
sition downwards. On the Himalayan side of the mountain passes, 
there are still flourishing continuous turf societies, interrupted only 
■ by rubbish or rock ; on the Tibetan side, they are limited to flat 
moulds containing ground-water and to the banks of periodical 
watercourses. Eiere, the vegetation is dominated by Gramineae 
and Cyperaceae. In such places w^as still found brown-black 
humus, as for instance at the Tmkar-Lipu—'pass] 4760m, and in a 
depression near by, at 5100-5200m, boggy soil with Bray a rosea^ 
Draha alpbia, Ermania hinialayensis, Lagotis spec., and plenty 
of Ranunculus pygmaeits, (found here for the first time in the 
Himalayas), as well as R, nivalis, which, up to the present, was 
considered as chiefly arctic. Below the pass, between 4500 in, 
there were observed in the turf : Oxygraplns glacialis, Ranunculus 
pygmaeus, Sediim of the Tribus hiinalensij , Saxifraga Stolitzkae^ 
Fotentilla spec,, Priniula nivalis var. macrantlia ; at Amlang-La, 
4700 m, in a meadow above groundwater : Sedum spec., Oxytropis 
sptc.,. Primula tibetica, Pedicularis Oederi, P. rhinanthoides, Mic- 
roiila B enthami, Taraxacum deulbatuni, T, leucanthum, Aster 
spec. ; near Junglea, spongy meadow with : Oxytropis proboscidea, 
O. microphylla, G entiana humiiis var. evolutior, Saussiirea spec.. 
Taraxacum leucanthum; on the Ralam pass, at 4600 ni : J uncus 
leucomelas, Anemone spec., Saxifraga ef. nana, S. sihirica, S. paP 
lida, Geniiana Wardii, G. tubUflora, Leontopodhim spec., Ana- 
phalis nubigena; near the Satopnath glacier in turf at 4600 m: 
Geniiana ?/a;?aand G. c/. depressa (''all the rest di^^’' 7 X. 1936) ; 
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Dolma-La at 5100 m on a level meadow ; Parrya exscapa, Veronica 
pec., From the Uttadura-pass Heim writes that there was only 
hard green, stuffed plants, mosses, dwarf enzian'’ ; 400 goats and 
sheep out of 800 were killed by bad weather lasting five days and by 
want of food. On moraine and rubbish were collected at the 
Lipu Lek — pass, between 4700 and 5200m: Polytrichum — , Dicra- 
num — , Heckmgia — , Tortella — species, Ranunculus pygmceus^ 
Draha spec., Sedum of the Tribus himalensia, Chrysosplenium 
carnosum, Saxifraga sefosa^ Pidmula minufissima xar. spafhulafa : 
near Kuti on rock and rocky rubbish at 4800m: Saxifraga sibirica, 
Gentiana capitata, Androsace villosa var. villosissima, Primula 
nivalis var. macrophylla ; near the Raksaslake, at 4600m : Arenaria 
tnusciformis, Dracocephalum heterophyllum, M arrubhnn spec.,. 
Allai'dia tornentosa ; at Dolma-La, 'south side, 5500m, between 
granite blocks: Urtica cf, hyperhorea, Draha alfaica, Potentilla 
spec.. Astragalus Heydei, Astr. confertus, Veronica cf. bilboa, 
Leonfopodium naniim ; at Mangshang-La, between 4700 and 4850m,. 
on dry rubbish: Sedum fastigiatum, Oxytropis spec., Eritrichium 
sirictuni, Pedicularis globifera. Aster flaccidus, Leontopodium 
leontopodimim^ Sene do arnicoides p Allardia tornentosa, Sans sure a 
sorocephala ; zX Amlang-La, 4700m on rubbish : Hecf/fn’a tibetica, 
Torularia humilis, Pedicularis spec., at the Ralam pass on rubbish : 
Rheum spec., Saxifraga flagcllaris, Allardia glabra, Anaplialis 
nubigena; there also at 4600 m : Wahlenbergia gracilis; at the Kian- 
gur pass, between 4600 and 4900m : Delphinium spec., Saxifraga 
flogellaris, Gentiana aquatica^ Pleurogyne brachyanthcra, Microula 
Bcnthami, Lamium rh omb oi d e um ;inXht Chidamu-gorge at 5000m : 
Gentiana frigida. var. niibigena, Leontopodium monocephaluni ; in 
the eastern Lap valley on flysch back between 5000 and 5200 in : 
Gentiana frigida var. nubigena, Senecio cf. retusus: near Bal- 
chadura between 5200 and 5300m: Gentiana nana, G. frigida var. 
nubigena, Nepeta longibracteata, Pedicularis globifera ; zt the 
Balchadura — pass at 5400m on rubbish : PoteniUla f ruiicosa yzt. 
p ti mil a ; znd on moraine at 4900- 5000m : Thylncospermum rupL 
fragum in cushions of up to 2*5m diameter ; at 5450m still Senccia 
arnicoides ; zlong the Chirdum pass, 5300m; Saxifraga viscidula; 
at the Chalda pass, 5300m, Delphinium vesiituui; on the Lipulek 
pass on rocks between 4800 and 5300m iStereocaulon — ,Evernia—^ 
Cladonia species, Draha sctosa, Saxifraga imbricata, S. Stolitzkae , 
Chrysosplenium carnosum; on a rocky ridge near Kuti, 4800m,. 
Cor yd alls each emir iana. 

The Carex — Elyna belt possesses in the innermost Himalayan 
chain rich of species, genetically bound to the flora of 
lower regions ; nevertheless it contains a very strong falling gradi- 
ent of flora form the Tibetan-Chinese mountains between Yunnan 
and Kukunor pin the frontier region near Tibet, their number falls 
down to a few hundred species. Genera as Eutrema, Ptilotrichum„ 
Parrya and others indicate central iVsiatic influence. Old highly 
valued- endemics are frequent. Their number increases by itself 
with the altitude, owing to increasing isolation and specialisation. 
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They can follow much less all displacements, due to change of 
climate, than species in the lower belts. These Orophyte's are 
remarkable especially on account of their xeric development. High 
mountains and desert'Climate at the same time produce forms like 
that of Saitssurea cjossypiphora, S, indactyla, with stem and 
foliage covered with a mantle of hair like wad. Many of these 
characteristic species are widely and equally spread in Tibet and 
the adjoining Himalayan valleys, e. g. Arenaria musciformis, 
T hylacospermum ritpifragum, M icroula Benthami, Lancect 
tibetica, Nepeia longibracfeatci, Aster flaccidus, and others. 

The centre of development of the Carex — Elyna belt lies in 
the central-Asiatic mountains ; the north-American, as well as the 
European mountains are much poorer. From Ceiitral-x\sia it has 
reached, chiefly over the east-Asiatic mountains, the arctic circle, 
and from there it has sent again during the glacial periods many 
species to more southern mountains. 


The Stipa-Steppe — Belt 

At the altitude of the subalpine forest alread}^ in fragments 
of forest-steppe, on south-exposed dry rocks, and then high up 
in the upper Alpine region, Heim and Gansser have collected 
and noted some solitary Stipa-steppe types. Very frequent is 
Ephedra Gerard icuia var. Wallichu; Potent ilia fruticosa climbs as 
P. bi flora near Kuti up to 5000 m; Trigonella cor mculata, Carex 
stipina seem to be rather frequent. Near the Kiangur, they found 
Lamiiinh rhomb okieiim, near Kuti Arenaria kashmirica and Morina 
Coidteriana: Unfortunately, Gramineae and Cyperaceae, which 
are so important for the recognition of grass societies, have not 
been collected. All species of this kind, especially the representa- 
tives of half-deserts and deserts, not seldom on the Tibetan plain, 
come from lower regions but they can withstand, owing to their 
xeric structure, the extreme climate of the higher belts. The 
Stipa-steppe is , found in eastern Tibet and in China, in the north 
of Tsinling-Shan, to quite a remarkable extent, but the major part 
of the species in Kumaon and the adjoining Tibet come from north 
and west (e.g. species of Elyinus, Carex, Stipa, Caragana, 
Scutellaria, Nepota, Artemisia, m-id others). The number of species, 
and the number of endemics of these belts is relatively, small. It 
increases towards west and north-west, just the reverse of the Carex 
— Elyna and the Vaccinium tdiginosiim — Loiseleuria belts. The 
genetic relations also point to the west; these three xeric belts 
must be considered therefore as a recent contribution to the central 
Himalayas. There reaching the upper Alpine regions, and the 
absence of all forest belts, even of the lower Alpine belts; is a 
phenomenon repeated only in the Bolivian Andes (with ecological 
equivalents). 
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^ Collections of plants have been made only in the Alpine 
regions, over 4000 m, but amj^le notes of Heim give some indica- 
tions about the vegetation in lower areas. There seems to be no 
spruce belt, as in middle and eastern Europe and in parts of 
northern Asia, between subalpine, subarctic and angiosperm forests ; 
this acidiphile vegetation, demanding a moderately cool climate with 
ample precipitation, does not find these conditions in the central 
Himalayas. The beech belt is represented by forests, rich in herbs 
of Abies W ehhiana, resp., A. Pindrozv, Cupressus torulosa, Taxus 
haccata. Ilex spec., Quercus cf. scmiicarpifolia, Hedera Helix; in 
the undergrowth near wShankula : Polygonatum verticillatum, 
Circaea lutetiana, Fragaria zfesca, . Oxalis Ac eto sella, Ruhus, 
Irnpafiens, Ferns, Rhododendron, The best development is attain- 
ed on north-exposed slopes, between 2500 and 3000 m. Below we 
find, just as in Europe, and eastern Asia, a region very rich in 
woody plants, the belt of Quercus — Tilia — Acer, with deciduous 
leaf^y oaks, jiesculus indica, Jiiglans regia, 5 Acer species Picea 
Morinda, in damp places between 2000 and 2500 m, and below, 
the evergreen subtropical angiosperm forest, interrupted on long 
distances by the more drought-resisting Pimis longifolia vegetation. 

There remains to be done still much hard and patient work in 
floristics, systematics and phytocenology (especially concerning the 
small geographic races), before we can succeed in writing a des- 
cription of this beautiful world of plants in those stupendous 
mountains. 
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Photo A. Heim 

Kali River above Garbyang; view towards N. E. 3,050 m. Probably Pinus exceha. 
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Photo A. Heim 

The sacred birch near Tijang, Lissar valley 3,300 m. 
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Upper forest — limit near Kuti, 3,800 m. with Beiula ntilis. 
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In this paper the generic name Actinomyces has been used to 
include not only the ray-fungi but also those grouped under Dis- 
cornycetes, Streptothrix, Nocardia, etc., in the sense as accepted by 
Breed and Conn (1), Ford (2), and Topley and Wilson (3). 
Oljjections are likely to be raised because many pnDminent authori- 
ties do not agree to this arrangement. The task of placing the vast 
number of these fungi into their proper generic position and then of 
identifying each of them has been taxing the mycologist for quite a 
long tmie" Many well-known workers in different countries have 
made valuable contributions towards the classification, but scientists 
are still in disagreement as to their proper classification. It is no 
wonder that none of the methods and schemes suggested so far have 
answered the requirements, since it is not easy to put so many 
organisms (numbering about six thousand) into their proper genera 
and species. 
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Dreschler (4) was probably one of the first to attempt a 
systematic classification from the morphology of these fungi but 
his methods were complicated and very difficult to follow. The 
slide-impression and camera-lucida study of the fungi does not 
seem to be a satisfactory method, and the grouping* of so many fungi 
is not possible even with such a highly technical method. 

On the whole, the most practicable scheme yet published is that of 
Orskov(S), and his method has been followed by Miss Dagny Erikson 
(6) in classifying the national collection of type cultures niaintained 
by the Medical Research Council at the Lister Institute in London. 
But a perusal of her work does not help us much as regards an easy 
method of putting these fungi first into different groups and 
sub-groups before passing to the individual species. Great difficulties 
seem to arise when a medical man isolates a fungus from a patient 
and wants to find out whether it is a new species, and whether it is 
pathogenic or not. 

Waksman in America has made a detailed study of Soil Acti- 
nomyces and has tried various biochemical reactions for them, such as 
tyrosinase reaction, formation of pigments in media contaming 
proteins, reduction of nitrates to nitrites with different sources of 
carbon, etc. 

The present investigation was taken up some time ago at the 
suggestion of the late Col. H. W. Acton with the idea that this 
biochemical reaction might prove to be a useful factor in the 
grouping of a large number of these fungi. The type cultures, 
maintained in the School of Tropical Medicine, Medical Mycology 
Enquiry under Dr. P. A. Maplestone, have been studied in these 
experiments and we are grateful to Dr. Maplestone for kindly giving 
us all the facilities for the work. 

Experimental 

The media used for the culture of the Actinomyces was the 
synthetic liquid media suggested by Czapeck which was composed, as 
follows: — 

Saccharose 30 grams, dipotassium phosphate 1 gram, potassium 
chloride 0*5 gram, magnesium sulphate 0*5 gram, ferrous sulphate 
0*01 gram, sodium nitrate 2 grams, and distilled water to make 
1,000 c.c. It was adjusted to Ph 6*5 sterilised. 

In the preliminary experiments, the media inoculated with the 
fungus were tested qualitatively from day to day for nitrite with the 
help of sulphanilic acid and — naphthylamine acetate. It was 
found, however, that even the controls gave a strong reaction for 
nitrites. It was at first thought that probably the ferrous sulphate 
present was causing a reduction of the nitrate." The ferrous sulphate 
was therefore omitted from the media and the experiments repeated. 
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This did not, however, remove the difficulty and so it was decided 
to estimate the nitrite carefully by a quantitative method. The ferrous 
sulphate was, however, omitted in all the, later experiments. 

About 15 c.c. of the liquid media was put into each of a series 
of 12 test tubes. Six of these were inoculated and the other six kept 
foi control. As far as practicable, the minimum amount of fungus, 
that could be taken at the point of the inoculating chromium wire, 
was used for the inoculation. The tubes were kept at about 37° C. 
and one tube of each was tested every week, along with the controls. 
In case the controls showed strong reduction, the whole series was 
rejected. Two series of experiments have been carried out with each 
species, and those fungi which gave uniform results in both the 
series have been considered here. The results of some, which could not 
be confirmed by the second experiment owing either to the growth, 
being too poor or the culture being contaminated, have been rejected. 

The method of estimating the nitrite formed was the standard 
one recommended for its estimation in water analysis (8) and is 
described briefly as follows ; — 

Reagents — (a) 8 grams of purest sulphanilic acid dissolved 
in one litre of 5 N acetic acid; (b) 5 grams of — naphthylamine 
dissolved in one litre of 5 N acetic acid, (c) Sodiutn nitrite stock 
solution, prepared by dissolving 1 * 1 grams of silver nitrite in nitrite- 
free water, precipitating the silver with sodium chloride solution 
and diluting to one litre, ( d) Standard sodium nitrite solution, 
prepared by dissolving 100 c.c. of the stock solution (c) to one litre 
and then diluting 50 c.c, of this solution to one litre with nitrite-fi'ee 
water, adding one c.c. of chloroform and’ preserving in small 
well-stoppered amber-coloured bottles. 1 c.c. of this solution is 
equivalent to 0- 001642 mg. of NO 2 . 


TABLE I 


No. 

Name of the fungus. 

Reduction of 
Nitrate 
( 1st Series). 

Reduction of 
Nitrate 
( 2nd Series). 

c/i 

W 

< 



1st 

week. 

2nd 

week. 

3rd 

week. 

1st 

week. 

2nd 

week. 

3rd 

week. 

W 

1 

Actinomyces cariiosus 
(Millard). 

1-5 

0'8 

1-5 

0-8 

02 

0'4S 

No. 

2 

,, cellulosae 

(Krainsky) 

O'S 

0-5 

0-3 

0-35 

018 

0*15 

j 5 

3 

„ citrius 

(Gasperini) 

0-3 

__ 


0-35 

02 

025 


4 

,, ceoelicolor 

(Miiller) 

0-15 

01 

0-5 

0-17 

025 

025 

J > 
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TABLE I — (continued) 


No. 

j Name of the fungus. 

Reduction of 

1 Nitrate 

■ (1st Series) . 

[ Reduction of 

N ITRATE 

1 (2nd Series). 



1st 
i week 

2nd 

week 

3rd 

week 

1st 
. week 

1 2iid 
• j week 

- 

3rd 

• week. 

5 

Actinomyces diastaticus 
(Krainsky) 

j 0-1 

0*1 

0* 1 

0-18 

0*2 

0*2 

6 

1 ,, flavovirens 

(Wak small) 

0-1 

01 

0*1 

0-18 

0*2 

0*23 

7 

1 „ bovis 

1 (Harz) 

0-1 

0*1 

0*15 

05 

0*2 

0-27 

8 

,, ^ Halstedi 

! (A\'aksman and 

Curtis) 

0-3 

0*1 

0*2 

0*15 

0*1 

0-35 

9 

fradii 

I (Wak small and 

Curtis) 

0*2 

0*2 

0*1 

0'18 

0*22 

0-25 

10 

,, inaculatus 

(Millard) 

04 

0*1 

— 

0*2 

0-35 

0*4 

11 

reticuli 

(Waksman and 
Curtis) 

0-2 

0-4 

0-1 

0*45 

0*3 

0*5 

12 

! 

,, verne 

(Waksman and 
Curtis) ! 

0*4 

0*1 

0*3 

0*3 

0*2 

0*4 

13 

,, xanthostroma 

( Wollenwcber) 

0*2 

0*2 

0*2 

0-2 

0*1 

0*15 

14 1 

,, chromogenus 

(Gasp) 

0*6 

0*1 

0*15 

0*3 

0*12 

0*15 

15 

alboflavus 
( W^aksman and 
Curtis) 

0*1 

0*15 

0*5 

2*5 

0*75 

0*25 

16 1 

,, cabies 

(Gussow) 

1*75 

0*44 

0*4 

0*3 

0*5 

0*4 ^ 

17 ^ 

viridochromo- 
genus (Krainsky) 

1*25 

2*0 

— 

4*5 

1*0 

1 1 M 
d 

18 

jj griseolus 

(Waksman) 

0*1 

0*25 

0*4 

0*26 

0*85 

a 

0*54 

19' 1 

i 

clavifer 

(Millard) 

2-2 

4*5 

3 5 

0-55 

0*9 

0*38 , 

20 

■ ■[ 

}, keratolytica 

(Acton & Mcguire) 

1*0 

0-6 

9*0 

6*0 

4*6 

1*35 , 


Remarks. 
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TABLE I — {continued) 


No. 

Name of tfie fungus. 

Reduction of 
Njtrate 
( 1st Series). 

1 Reduction of 
Nitrate 
( 2nd Series). 

cc 

s 

< 



1st 

week 

i 2nd 
week 

! 3rd 

1 week 

1 St 
week 

2nd 

week 

3rd 

week 


2i 

Actinomyce.s lavendulae 
(Wakshian and 
Curtis) 

1-9 

1-5 

8-0 

3-2 

1-3 

5*0 

No. 

22 

Bobili 

(Waksman and 
Curtis) 

1 25 

2 25 

3-25 

4-5 

5-0 

5*0 

- 

23 

,, aureus 

(Waksman and 
Curtis) 

1‘5 

1-5 

4-5 

3-0 

3-25 

3-0 


24 

,, albus (R- D.) 

(Gasp Var Ochro- 
leuis) 

4’0 

4*5 

3*5 

1*75 

2-0 

2’0 


25 

,, albus 

( Krai n sky 
var. a. Cif) 

4-5 

4*5 

3-5 

2-5 

9-0 

7-0 


26 

,, Madurae 

(Lachner) 

2 25 

18 

10 

775 

8-0 

7*0 

> » 

27 

,, microflavus 

(K rain sky) 

1*4 

2'25 

8-0 

12-0 

11*5 

130 

jf 

28 

,, nigrificans 

(Krug) Wr. 

600 

600 

750 

275 

1 

375 

450 


29 

„ tricolor 

( Wollenweber) 

650 

725 

850 

250 

75 

30 


30 

,, tyrosinaticus 

(K rain sky) 

1,500 

2,400 

2,700 

150 

55 

150 


31 

„ violaceus ruber 

( Waksman and 
Curtis) 

750 

800 

j 

750 

300 

225 

100 
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Method — A measured volume of the sample was placed in a 
standard SO c.c. Nessler tube and diluted to SO c.c. A set of standards 
were prepared in 50 c.c. Nessler tubes by diluting various amounts 
of standard nitrite solution to 50 c.c. with nitrite-free water. 1 c.c. 
of sulphanilic and solution and 1 c.c. of — naphthylamine acetate 
solution were added to the sample and to each standard. They 
were mixed thoroughly and allowed to stand for 10 minutes. The 
samples were not allowed to stand for more than 30 mins, before 
malviiig the comparison. 

The figures shown in the following table indicate the volume 
in c.c. of the standard nitrite solution equivalent to 5 c.c. of the 
samples tested. Judging from the controls, the figures below 0-5 c.c. 
were regarded as negative, figures between 0-6 and 20 c.c. as 
moderate and those above 20 as strong. 


TABLE II 
(Controls) 


No. 

Number OF CONTROLS. 

Reduction of 
Nitrate 
(1st SERIES). 

Reduction of 
Nitrate 
( 2nd series). 

t/3 

w 

< 



1st 

week. 

2nd 

week. 

3rd 

week. 

1st 

week. 

2nd 

week. 

3rci 

week. 

w 

1 

Cl 

0-05 

0'05 

O'l 

0-2 

0*8 

0-6 

No. 

2 

c 

O'l 

0-05 

0*1 

O'l 

0'6 

0'5 


3 

c. 

0-2 

0*1 


0*1 

O'l 

0'2 


4 

Cl 

O'l 

O'l 

0-15 

0*2 

0-5 

0'48 


5 

C. 

01 

O'l 

O'l 

0'15 

0'17 

0-35 


6 

C„ 

O'l 

Od 

01 

O'l 

0*15 

0'18 

)) 

7 

c. 

0.2 

0-15 

0-25 

O'l 

0*18 

0*4 

>) 

8 

Cs 

0 05 

0'15 

O'l 

O'l 

0-3 

0'5 


9 

C, ■ 

0*1 i 

0'5 

0-2 

1 __ 

— 

— 

} t 

10 

Cio 

0'15 

0-25 

■0'25 

1 O'l 

0'3 

0-35 


11 

Cl 1 

0'25 

0-1 

1 0'7 

0'27 

0'3 

0'2 

t) 

12 

Ci2 

0'3 

01 

Xj 

O'l 

O'l 

O'l 

\ 


Discussion of Results- — It w^as found that the maximum reduction 
was usually obtained at the end of the third week. With some, it 
was the second week, and with others, the 4th or 5th week, but the 
end of the third week was found to suit most. In some species, 
after the maximum reduction in the third week the reduction 
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gradually became less and less. The results may be divided into 
three main groups : (a) those showing strong reduction, (b) those 
showing moderate reduction and (c) those showing very little or 
no reduction. The results allow us to take this factor as an aid in 
dividing this large- group of fungi into sub-groups. 

Suggestion of a Scheme — Brumpt (9) has suggested the follow- 
ing scheme which is based upon the ideas and nomenclature of 
VTullemin (10), Pinoy (11), Fullerton (12) and Langeron (13): — 

Microsiphonales — Hypomycetes with fine mycelial filaments 
not segmented, diameter-one micron or less without distinct nucleii. 

CohnistretotJirix — Difficult to cultivate, generally anaerobic but 
at times an aerobic, not producing spores in cultures-. 

Actinomyces — Generally aerobic but some can grow anaerobi- 
cally, forming spores. 

We venture to put forward the following scheme: — 

Actinomyces 

1. Producing coloured pigment in all media containing 

proteins ( chroniogenous ) . 

2. Not producing pigment in protein media (Noncliromo- 

genous ) . 

3. Young mycelia, acid fast. 

4. Young mycelia, not acid fast. 

5. Proteolytic on inspissated serum (gelatine is not suitable 

for tropical countries). 

6. Not proteolytic. 

7. Plaemolysis in blood-agar medium. 

8. No haemolysis. 

9. Reducing nitrates to nitrates (moderate and strong). 

10. No reduction. 

11. Milk-clotting or hydrolysis. 

12. No change. 

13. Branching — Racemose type, 

14. Branching — Dichotomous, 

15. Spores or conidia abundant. 

16. Growth by disintegration of the mycelial filaments into 

oidia. 
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Summary 

The classification of the group of micro-organisms, generally 
designated as Actinomyces, is still very unsatisfactory and various 
autliors have put forward different schemes of classification based 
on the morphology, clinical characters physiological properties, etc. 
The authors have studied the biochemical property of the reduction 
of nitrates to nitrites and have been able to divide them into three 
groups. The}' think that further work on these lines would provide 
additional factors in their classification. 
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A SHORT NOTE ON THE 
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IN NITROGEN* 
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Introduction 

It has been demonstrated by several workers that respiration 
in an atmosphere devoid of oxygen is quite distinct from that in air. 
Blackman and Parija (1, 2, 5) working on apples have shown that 
when nitrogen is substituted for air, the respiratory activity rises 
for a few hours then falls down gradually to the previous air line 
value. In certain apples, on the other hand, the effect of nitrogen 
has been to decrease the rate of respiration. But in all cases, when 
air was admitted after a period in nitrogen, the rate of respiration 
was enhanced, which however does not surpass the one in air. This 
sort of behaviour exhibited by a respiring organ, when subjected to a 
period in nitrogen is not quite common. Inanidar and Singh (3) 
working on leaves from tropical plants did not come across such 
phenomenon. It was, therefore, desired to investigate the behaviour 
of leaves of an Aralia sp. subjected for a known period in pure 
nitrogen and their respiratory ratio (CO 2 /O 2 ) before and after the 
nitrogen treatment. 

Material and Method 

The leaf: All the leaves required for this investigation were 
taken from a single plant growing practically in shade. Soon after 
isolation, invariably done in the morning, the leaves were quickly 
weighed and kept in the respiration-chamber, with their petioles 
dipping in water. 

Estimation of CO 2 : The rate of respiration was estimated by 
the continuous current method at a controlled temperature of 28* 5 
Two-hourly output of CO 2 was measured by tritating the baryta 


* This work was undertaken and completed at the Botanical Laboratory, 
Ravienshaw College, Cuttack 
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GRAPHS H3. SHOWING THE AIR AND NITROGEN RESPIRATION OF 
THE SAME LEAF AT VARIOUS HOURS OF STARVATION. 
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GRAPH 3. 
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HOURS OF STARVATION 


GRAPH 4. SHOWING THE AIR AND 
NITROGEN RESPIRATION OF LEAF 
STARVED FOR 22 HOURS. 
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from the pettenkofer tubes against standard hydrochloric acid soiu- 
tion and the result was expressed for 10 gms. of fresh weight of 
leaves. 

Source of nitrogen: Commercially prepared nitrogen obtained 
under pressure in cylinder was used throughout. Before using, it 
was tested for oxygen and was found to be free from it. 

Estimation of the respiratory quotient CO 2 /O 2 : The amount of 
oxygen taken in by the leaves and carbon dioxide given out during 
the period was determined to calculate the respiratory quotient by 
analysing the respiration gas in Haldane’s (4) gas analysis 
apparatus. Estimation of CO 2 by this method served as well a 
check for the amount of CO 2 obtained from the titration of the baryta 
from the pettenkofer tubes. 

Results and their Consideration 

Initial output of CO 2 : The initial output of CO 2 was not the 
same for all the leaves experimented upon. In some it started at a 
high pitch, whereas in others it was rather low. The highest initial 
output of CO 2 was 13-6 mgs. per two hours and the lowest being 
6*4 mgs. per two hours, per 10 gms. of fresh leaf. Although the 
experiments were carried out in different seasons no marked seasonal 
variations on the initial rate of CO 2 output was noticed except in 
the month of March, when higher values were invariably met with. 

Normal course of respiration: The respiratory activity of the 
isolated leaves ‘ start at a high level, which during the 
subsequent hours of starvation takes to a descending course. It is 
not uncommon, on the other hand, to find, specially when the leaves 
have been starved beyond 40 hours or so, a rate of respiration more 
or less constant for a period of about 3-4 hrs. 

Respiration in nitrogen : 

(a) Subjecting leaves to nitrogen at 44 hours of starvation: 
Respiration of 44-hours-starved-leaves studied in nitrogen for 6 
hours, yielded interesting results. The first two hourly readings, 
showed a higher value (vide Fig. I, graph 1) than the one in air 
immediately before nitrogen. The second and the third two-hourly 
readings, however, presented values, which were lower than the first 
one, but distinctly higher than that of the one previously in air. 
After 6 hours course in nitrogen, when air was again admitted, the 
first two-hourly value for respiration surpassed much beyond the 
one in air. This again was followed by a rate still higher in value 
as is evident from the second two-hourly reading. The subsequent 
readings, however, showed falling values. The same leaf when 
subjected again to nitrogen at 68 and 92 hours of starvation for a 
period of 6 hours each, yielded similar results (Fig. I, graphs 2 & 3) 
except that the/'after-efect’’ of nitrogen {i,e. the difference between 
the original and the subsequent highest air values after a course in 
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nitrog-eii) gets smaller (Table I, Cl. H) as the period of starvation 
advanced. 

(b) Subjecting leaves to nitrogen at 22 hours of starvation: 
At this hour of starvation, respiration of leaves in nitrogen yields, 
unlike the previous case, falling values (Fig. I, graph 4) as compared 
to the one immediately before in air. Enhanced rate of respiration, 
however, was noticed when air was again let in, f.e. the first two- 
hourly readings rose as far as to the previous air line value, whereas 
the second one actually surpassed it. The subsequent readings, 
however, presented falling values. The '^after-effect’’ in this case, 
curiously enough is much smaller than those obtained from leaves 
starved for 44, 68 or 92 hours. 

The respiratory quotmit C 02 / 0 ' 2 : The respiratory quotient of 
the starving leaves, before and after nitrogen treatment, was deter- 
mined in each case. Before subjecting the leaves to nitrogen the 
quotient was always found to be unity. For determining the quotient 
after a course in nitrogen the respiration-apparatus had simply 
to be run for two hours so as to free it completely of any traces of 
nitrogen. It was, therefore, from the next two-hourly readings that 
the quotient was actually determined, which curiously enough came 
only up to ‘70- *75, i.e. the leaves had taken in more of oxygen than 
the amount of CO 2 given out. This abnormal value, however, during 
the next two hours, returned to normal, i.e. unity. 

What is the ultimate fate of the extra amount of oxygen taken 
in by the leaves, wdiich results in lowering the respiratory ratio is a 
problem difficult to explain. It is highly probable that during the 
period the leaves are put to respire in nitrogen, all traces of oxygen 
within the leaf tissues is made available and thus used up in the 
re.spiratory processes. When air is again admitted this loss of 
oxygen from the leaf tissue is probably made good, through a slow 
process leading thereby to the utilization of a little more quantity of 
ox}'gen than that was actually needed for the quantity of CO 2 
[M'oduced, which thus seems to be responsible for temporarily lower- 
ing the respiratory quotient. 

The peculiar respiratory behaviour of the leaves in nitrogen 
as well as in air soon after, does not require any further ellucidation 
than what has already been advanced by Blackman and his co-workers 
(1, 2, 5) for a similar phenomenon in apples upon which they 
experimented. 


Summary 

No marked seasonal variation has been observed to exist in the 
initial rate of respiration of the leaves of Aralia sp : 

When nitrogen is substituted for air at or beyond 44 hours of 
starvation the rate of respiration gets temporarily enhanced, but 
die same treatment given at an earlier stage (•/.£?. at 22 hours of 
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starvation) leads to the lowering of the i-espiration rate. In ])oth the 
cases, however, when air is again admitted after a course in nitrogen, 
the rate of respiration is found to shoot up temporarily. 

After a course in ‘nitrogen, the respiratory ratio presents a 
low value of -70 to -75 for about a period of 4 hours beyond which 
it returns to its normal value, i,e. unity. 
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TABLE I 

Showing the respiration of the leaves of Aralia sp. in air as well as in 
nitrogen at various hours of starvation. 
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for 6 hours at 22 
hours of starva- 
tion 01 llJ^ 



Respiration of control leaves in air at the various periods of starvation corresponding 
Control to the experimental leaves, ^ 

leaves. • Remarks. 
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Introduction 

As far back as 1891, Barclay reported on the life history 
of this rust fungus in Saire (Simla), and noted its peculiar 
development. Ajrekar and Parendakar ( 1931) carried out a 
detailed investigation of this fungus on Jasminum grandlflorum^ 
and its relation to a Ufomyces species on /. inalabariaunL In a 
detailed study of the spore forms by the writer, various 
interesting features in the life cycle were met with, which have 
not been recorded in rusts in general. 

Sori-forms and their development 

The autoecious nature of the rust is evident from the fact 
that all the three sori-forms, vis., pycnidia, aeciclia and telia are 
found on the same plant, Jasminum grandifloruni. Uredospores 
are absent. 

1. Aecidia 

The aecidia are cupulate with a definite pseudoperidia ; the 
spores are binucleate and are formed in chains. The accidial 
initials are first formed deep down in the hypertrophied tissue. 
The hyphal cells of the plectcnchyma that is formed are binu- 
cleate. The aecidiospores by infecting again the same plant, 
form secondary aecidia. 

2. Pycnidia 

Barclay (1891) observed only a few pycnidia in leaf sections, 
but was not able to identify them mactoscopically. Ajrekar and 
Parendakar reported the absence of pycnidia in the material 
collected by them in Bombay. - The writer was able to make 
them out macroscopically on flower buds, leaves, stem and fruits 
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by their glistening orange-yellow colour, when seen by reflected 
light. 



1. Development of teleutospores within the aeciclial cup. X 360. 



2. Bevelcpment of teletitospoi-es from the basal cells of the pvcnidiura I 

00. , , : . , I 
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The pycnidia ai*e simkeiii, aniphigenis, and possess a definite 
ostiole. They are borne on biiuicleate niycelia, unlike as in other 
rusts. The basal ceils of the pycnidia below the pycnidiosporo- 
phores are also binucleate^ which can be made out in young 
pycnidia. Fusions between pycnidiospores and the hypliae at the 
ostiole were made out in microtome sections similar to the cases 
reported by Bailer (1938) mPuccinia graminis. 



3. Photomicrograph of the development of teleutospores from the 
basal cells of pycnidium. Teleutospores are present in the region marked 
X 360. 


Occurrence of other spore forms in pycnidia 

In many of the sections through pycnidia ‘an unusual plieno* 
menon was noticed. From the basal part of the mature pycnocarp 
aecidiospores ’and teleutospores were seen to develop. Early 
stages in the development of teleutospores within the pycnidia 
can be made out in Fig. 2 and 3. Owing to the transient nature 
of the pycnidia, only a few such cases have been met with. It is 
considered that this development is made possible on account of 
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the binucleate condition of the basal cells of the pycnidium, 
obviating diplodization. 


Ar 

4 Germination of teleutospore showing binucleate sporicliiim. X 600. 

3. Telia 

Teleutospores are pear shapeyl, one celledt with a persistent 
stalk. Tli^y are always develo|5ed from the base of the old 
aecidial cups (Fig. 1). After the aecidiospores are shed, the 
teleutospore initials make their appearance. A similar case has 
been reported in Uromyces alpestris by Transzchel; but the 
course of development is different in Uromyces HobsonL 





5. Development of secondary and tertiary sporidia. X 820, 
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Germination of Telentospores 

Teleutospores germinate without a rest period as iiidicated.by 
the ready germination of fresh spores. The spore germinates 
and forms four to five cells in the promyeelium. From each of 
these promycelial cells a sterigma is developed. The basidio- 
spores are biniicleate (Fig. 4). Development of secondary and 
tertiary sporiclia were observed in many cases. (Fig. 5). 

A detailed description of the life history of Urontyces 
Hohsoni, will appear in a separate paper. The writer wishes to 
acknowledge his indebtedness to Dr. M. A. Sampathkumaran, 
M. A., Ph. D., Professor of Botany, Central College, Bangalore, 
and to Mr. M. J. Narasimhan, Mycologist, Dept, of Agriculture, 
for helpful guidance and cinticisms in the course of this investi- 
gation. 
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Introduction 

During the close of the last centuiy and in the beginning of 
the present one, the family Saprolegniaceae drew the attention 
of a number of workers specially from the point of view of 
sexual reproduction. Hartog (5) pronounced that there was no 
true fertilization occurring in this family while Trow (9) with 
his carefully controlled technique went to establish that true 
fertilization was undoubtedly of occurrence in some of its genera. 
Since that time a number of genera have been investigated and 
Trowks results have been confirmed with regard to the presence 
of true fertilization in this family. Besides this, various other 
workers have studied a number of its genera from the cytological 
and physiological point of view and results of considerable 
interest have been obtained. The present writer took up this 
study in September, 1937 in order to supplement the present 
knowledge with cytological and physiological observations that 
appear intimately related to the lifehistory of some of the genera 
of this family. 

It vras thought advisable to begin with the cytological 
study of the mycelium. This paper thus embodies the first part 
of the work in hand, and the details of sexual reproduction and 
other necessary observation will follow in a subsecjuent paper. 


Material 

As a preliminary to this work it was decided to collect 
as many local species as possible. A number of samples of 
water were brought from dififerent localities near about 
Allahabad and from these only two watermoulds were 
isolated, of wh’ich one was Achlya duhia Coker, and the 
other was Aphanomyces sp. Following method was 
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adopted for their isolation. Killed ants, which served as baits, 
were left in the samples of water for 24 hours and later 
transferred to sterile distilled water after being washed with 
slightly acidulated water. In a couple of days fungal hyphae 
radiated from these ants and later formed zoosporangia which 
discharged clusters of zoospores. A cluster of the latter was 
picked up by means of a bent capillary tube and transferred to an 
agar medium in petridishes. The zoospores germinate here and 
form a zone of mycelium. These cultures so obtained were 
further purified from any bacterial contamination by repeated 
sul)culturing on fresh agar plates. 

The genera were identified with the help of Coker's 
monograph on Saprolegniaceae (1) on the basis of the structure 
of zoosporangia and behaviour ‘ of zoospores. Species of 
Ac/ziyn could also be identified as it formed the sexual oi'gans 
while that of Aphanomyces remains as yet to be identified, as it 
has failed to form sexual organs inspite of being subjected to a 
number of nutritional and environmental conditions. For 
the work to be in progress a number of forms were obtained from 
Centraalbureau von wSchimmelcultures, Baarn, Holland, which 
have, as far as the present writer could gather, received little 
cytological investigations. These are Fythiopsis intermedia 
Coker, Aphanomyces cladogainus Drechs., Aphanomyces 
camptostylus Drechs. and Thrausiotheca clavata (deBary) 
Humphrey. 

Observations on living material 

While the mycelium of A, dnhiaznd T. clavata, with their 
relatively broad hyphae, afforded a favourable material for the 
observation of cytoplasmic inclusions, that of P, intermedia 
and species of Aphanomyces was much less favourable due to 
the relative thinness of their hyphae. 

Fat particles 

Under the high power of the microscope there are observed 
in the mycelium, which is hyaline in all cases, a large number 
of minute round bodies (fig. 6) rapidly moving in the cytoplasm. 
These take a reddish orange tint wdth Soudan III become 
brownish wdien treated with a 2% solution of osmiumtetraoxide 
and dissolve readily in chloroform, ether and benzine. These 

reactions go to show that they are of a fatty nature. These 

fat particles vary in size and number with the age of the 

hyphae as also from one hypha to the other. In the younger 
tips the}’' are not so numerous, while in some of the older 
hyphae they are so much crowded that no other cytoplasmic 
inclusions, except them, are visible. In some of the broader 
hyphal tips of A. ii/Pia and T. r/at'a/a they were found to be 
much crowded but such hyplial tips later gave rise to 

zoosporangia'. 
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Mitcchoedria : — 

With careful observation under high magnification and with 
experience, they are seen in the cytoplasm without any staining*. 
In A, dubia (fig. 6) and T. clavata they are filamentous, 
extremely delicate and of varying length lying for the most 
part parallel to the long axis of the hyphae." In P. intcrinedia 
besides such filamentous ones, granular mitochondria, have 
also been observed, while in species of Aphanomyces both types 
are equally common. The mitochondria, whether filamentous 
or granular have nearly the same refraction as that of the cytoplasm 
and move very slugg*ishly in it. These two characters are 
helpful in distinguishing the granular mitochondria from the 
fat particles. 

Nuclei 

Due to the favourable width of hyphae in A. dubia and 
r. clavata, nuclei in living condition could be observed in them 
with a careful search. These have a circular and in the majority 
of cases an elliptical outline with a refracting spot in the centre 
representing the nucleolus Nuclei in living condition could not 
be observed in others. 

Vacuoles : — 

At the hyphal tips in all cases, small round or ellipsoidal 
vacuoles were seen but they were not distinct due to their re- 
fracting power being nearly the same as that of the cytoplasm 
surrounding them. 

Supravital staining 

Mitochondria : — 

Janus green Hocht B. and dahlia violet dissolved in Ringer's 
solution were employed to stain mitochondria in living condition. 
Both these dyes are very toxic and so very minute doses have to 
be used. Both of them do not stain the mitochondria so quickly 
as the vacuolar staining dyes (mentioned below) do the vacuoles, 
and the mycelium has to be kept in the solution for about 10-12 
minutes before the mitochondria take up the stain. As a matter 
of fact, due to their toxicity, they stain the mitochondria in 
phases preceding the death of the hypha. With janus green they 
take up a sky blue colour while dahlia violet gives them a light 
violet tinge.' Their structure after being stained is nearly the 
same as described above when no stain was employed, hut a 
majority of them appear in the process of fragmentation and 
vesiculisation ( fig. 7). A curious phenomenon observed was that 
janus green which at first is taken as a bluish stain by the hyphae 
is later (after about 12-15 minutes) turned to pink. This has. 
been accounted as due to the formation of a reduction product of 
the dye by the activity of the cytoplasm. Saksena (6, p. 64) has 
also observed this reduction of janus green in four species of 
Pythium, 



304 


M. 5. MU RDM 


Nuclei:— 

No satis fackiry vital dye was found that could stain , the 
nuclei in living condition. However a dilute solution of nile blue 
in distilled water stained them in A. dubia and T. clavata. 
Dahlia violet in dilute solutions also stained them to a certain 
extent. 

Vacuoles : — 

Vital staining of vacuoles was tried with a number of vital 
dyes viz. neutral red, cresylblue, nile blue, methylene blue and 
toluidine blue. They were made into solution with Ringer’s 
solution and different concentrations were used. In all cases the 
vacuoles absorbed the dyes quickly and became coloured. With 
neutral red the vacuoles took up a reddish orange tint, light or 
deep according to the concentration used, while with other dyes 
the colour varied from blue and bluish violet to violet. Of all 
the dyes neutral red was decidedly unexcelled as it penetrated 
the vacuoles quickest and was least toxic thereby allowing a much 
better observation. In all cases the tips of young hyphae formed 
an important and interesting place f 3 r observation. After being- 
treated for about a minute with any of the vacuolar vital dyes, the 
vacuolar system can be seen in its initial stage at these tips. 
This presented itself in some tips in the form of a reticulum 
(fig. 1) formed by thin elongated vacuoles which by irregularly 
fusing with one another gave the appearance of a reticulum. 
In the older portion of the same hypha this reticulum becomes 
less and less evident due to the increase in width of these 
vacuolar catialicules and their more frequent fusions till finally 
in the still older portion a continuous vacuolar canal results. In 
other tips small round vacuoles followed by ellipsoidal ones 
(fig, 2) were observed and the latter by fusions form a continu- 
ous vacuolar canal in the older portion of the same hypha. The 
colour of the young vacuoles at the tips, after treatment with the 
vital dyes is deeper than that of the vacuolar canal in the older 
portion, which is due to the gradual dilution of the vacuolar sap 
from the tip to the older portion. 

Intravacuolar corpuscles: — 

These corpuscles make their appeai^ance in the vacuoles when 
the latter are treated with a dilute solution of any of the vacuolar 
vital dyes. Their origin in the vacuoles is an interesting 
phenomenon to be studied. A single hypha is kept nnder 
observation under the microscope and a weak neutral red solution 
is passed on from one side of the coverslip and drawn at the 
other by a strip of filter paper. As soon as the hypha gets bathed 
in the solution, the vacuolar canal gets coloured while in its 
interior very minute dark particles become visible in brisk Brow- 
nian movements on account of the adsorption of the dye (fig. 3). 
In less than a minute their movements get retarded and they 
become more visible due to au inerease in their size -(fig. 4) . 
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Later these become much bigger and fewer, show little move- 
ments, and come to lie as deep red intravacuolar corpuscles in the 
vacuoles (fig. 5). Their increase in size and reducticm in 
number is due to the fusion of one another as they collide while 
they are smaller and in brisk movements. Their appearance 
under the action of the dye is due to a disturbance in the colloidal 
state of the vacuolar sap resulting in the precipitation of 
its colloidal particles. 

A second category of intravacuolar corpuscles observed in 
A, dubia and T, clavata was rather interesting. These are round 
and of varying size up to 4 u. They are observable in the 
hyphae even without any staining (fig. 6). They are slightly 
more refracting than the cytoplasm and are found singly or in 
groups of two, three or more. They take up the vacuolar vital 
dyes quickly and stain themselves deeper than the vacuole itself, 
although lighter than the intravacuolar corpuscles described 
above. They are not stained with Soudan III or scarlet red and 
are insoluble in absolute alcohol, formol, 10% potassium or 
sodium hydroxide, ether, benzine and xylol. Nothing can be 
said at this stage regarding their origin, nature and function. 

Tests were also made for metachromatic corpuscles reported 
in the vacuoles of Endomyces magnussi, Penicillium glaucum a.nd 
Saccharomyces Ludzvigi by Guillermond (2). The test consists 
in at first fixing the mycelium in either absolute alcohol or formol 
for an hour and then either (a) staining in a 1 % acqueous solution 
of cresyl blue for a minute, washing rapidly in water and 
mounting in glycerine when the metachromatic corpuscles take a 
red stain or (b) staining in a 1% acqueous solution of methylene 
blue for a minute and mounting in water acidified with sulphuric 
acid when only the metachromatic corpuscles remain coloured. 
None of the forms under investigation gave any positive test for 
corpuscles of this nature. 

A mixture of neutral red and janus green was employed in 
each case to stain the vacuolar and mitochondrial systems 
simultaneously. It was observed that the two dyes were taken 
up specifically by the two systems respectively, the vacuoles 
colouring themselves orange red while the mitochondria assume a 
bluish appearance. 

Intravital staining 

In order to stain the vacuolar system intravitally the 
fungi were grown in 1% bacto-peptone to which vacuolar vital 
dyes were added in concentrations ranging from 0.25 to 10 mgs. 
%. From the point of view of toxicity of these dyes neutral 
red was found to be the least toxic followed by cresyl blue, 
toluidine blue, methylene blue and nile blue, the last being the 
most toxic. As regards the colouration of the vacuolar syvStem, 
most satisfactory results were obtained with neutral red as the 
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other dyes fall short of this due to their greater toxicity and 
higher oxido-reduction potential as has also been mentioned by 
Guillermond (4, p. 296-97 ) . The best concentration of neutral 
red for the vacuolar study was from 2 to 4 mgs. % for 
A. dubia and near about 2 mgs . '% in others. As the concentra- 
tion was increased, growth was more and more retarded as was 
also observed by Saksena (6,p.30) and Guillermond (3), and 
with the following doses of neutral red there was no visible 
growth of the fungi. ‘ 

T. clavata . . . . . . . . 5 mgs. % 

A. dubia .. .. .. .. 9mgs. .% 

Aphanomyces camptostylus . . 5 mgs. % 

Aphanomyces cladogamus . . . . 6 mgs. % 

A microspic examination of the hyphae stained intravitally 
with neutral red revealed the same phenomena as were observed 
with supravital staining. In the living portion of the mycelium, 
tiie vacuolar system in its initial stages (as described above) and 
the continuous vacuolar canal together with the intravacuolar 
corpuscles were observed. In the older portion of the mycelium, 
where the majority of the hyphae were dead, the stain was taken 
up by the crdoplasm in general and the colour thereof was pink 
and not orange red as in the living hyphae. 

Observations on fixed material 

Mitochondria; — 

The fungi were grown in 1% bacto-peptone for 24-48 hours 
after which they were fixed in the following mitochondrial 
fixatives and treated subsequently as indicated below : — 

(1) Regaud’s liquid ; 

Potassium dichromate 3% .. 80 c. 

Neutral formol . . . . 20 c. 

Fixed for 4 days, changing the liquid after every 
24 hours. Post-chromised i i 3% potassium dichro™ 
mate for a week. Washed in running water for 
24 hours. 

(2) Regaud-Tupa’s liquid; 

Potassium dichromate . . . . 80 c. c. 

Neutral formol . . . . 20 c. c. 

U ran iiuii nitrate ,. ..1 P*m 

■■ o , • 

Fixed for 48 hours at 10-12^ C changing the liquid 
ef ter every 12 hours. Washed in distilled water for 
S hours. 
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(3) Helly's liquid; 

A. Potassium dicliromate . , , . 2.5 gms. 

Meixuric chloride . . . . 5.0 gms. 

Distilled water .. ,, 100 c. c. 

B. Neutral formol 

9 c. c. of A are mixed with 1 c. c. of B at the time of 
fixation. 

Fixed for 8 hours. Post-chromised for 48 hours at 
40‘^ C. Washed in running water for 24 hours. 

(4) Sublime- f ormol ; 

Saturated solution of mercuric chlo- 
ride .. . . .. SO c. c. 

Neutral formol . . . . 20 c. c. 

Fixed for 24 hours. Post-thromised in 5% potassium 
dichroinate for 2 days. Washed in running' water for 
24 hours. 

(5) Liquid of Lenhossek; 

Mercuric chloride 6% , . .. 80 c. c. 

Absolute alcohol . . . , 20 c. c. 

Acetic acid . . . . * • 3 c. c. 

Fixed for 24 hours. Washed in running water for 
24 hours. 

In each case the washing was followed by staining of the 
mycelium cn masse in iron-alum haematoxylin and its dehydration. 
Finally it was mounted in Canada balsam. 

Mycelium was also embeded in each case in paraffin and 
microtome sections 5fi thick were cut to study the mitochondria. 
The slides were- stained in iron-alum haematoxylin. This 
appeared rather a lengthy and laborious process and moreover 
did not show any greater advantage over the cn masse mounting 
method. 

The most satisfactory of all the fixatives was found to be 
lielly’s liquid though Sublime-formol also gave sometimes 
equally good preparations. Regaud's and Regaud-Tupa’s liquids 
gave preparations of an inferior quality. Lenhossek's liquid 
was tried mainly to study the action of acetic acid and alcohol 
on the mitochondria. 

In all good preparations the mitochondria are stained 
black while the cytoplasm remains nearly colourless. The 
structure of the mitochondria is seen much better in these 
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fixed preparations than in the living condition. As observed 
above, there are only filamentous forms of mitochondria in 
A, dubia and T. r/Vct’a/a (figs. 8 and 9) while in others (figs. 11, 
12 and 13) both filamentous and granular forms can be observed 
in these preparations. At places the filamentous ones are seen 
in the process of transverse fragmentation into two daughter 
mitochondria. Occasionally portions of hyphae are met with in 
these preparations presenting a honey-combed structure, which is 
due to the vesiculisation of all their mitochondria. Most of the 
granular mitochondria observed in P. intermedia and species of 
Aphanomyces result, in the opinion of the present writer, from 
the fragmentation of the existing filamentous* types and the 
subsequent rounding ofl: of these fragments, preparatory to their 
being finally vesiculised. 

With Liquid of Lenhossek which coaitained 3% acetic acid 
and 20% absolute alcohol, mitochondria were found to be 
preserved in all cases, though not so distinctly as with other 
fixatives. Acetic acid and alcohol have been found to destroy 
mitochondria in animal cells as well as in higher plants and their 
preservation in these cases speaks of their different chemical 
nature. In T. clavata all the mitochondria tend to become 
vesiculised when this fixative is employed (fig. 10). 

Nuclei : — 

A number of nuclear fixatives (6, p. 11) viz. that of Bouin, 
Claussen, Trow, Merkel with acetic acid modified by Smith (8). 
and Saksena have been so far tried. Saksena's osmic fixative 
has given fairly good results in the two species of Aphanomyces 
while Merkeks with acetic acid has been quite successful for 
A. dubia and 1\ clavata. Iron-alum haematoxylin was used 
in all cases for staining the nuclei. The structure of the 
nuclei as observed in some good preparations was as described 
by Saksena (7) for the genus Pythhtm. The main portion of 
the nucleus consists of a central body which takes a dark stain. 
Surrounding this, is a layer of nucleohyaloplasni which is boun- 
ded externally by a distinct nuclear membrane. The central body 
is seen connected to the nuclear membrane by fine threads and 
on the inner side of the nuclear membrane minute dark mounds 
are observable which are said to represent the chromatin material 
of the nucleus. ^ No mitotic division of the nucleus has so far 
been observed in the vegetative hyphae though amitotic division 
as described by Smith (8) has been found to occur in them. 

Summary 

1. 'An account of the cytological studies of the vegetative 
mycelium of the following five members of the family 
Saprolegniaceae has been Achlya dubia, Pythiopsis 

intermedia, Aphanomyces camptostylus, Aphanomyces dado- 
gamus ^nd Thrausfofheca clavata. 
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2. ^ Observations on the living material were made both with 
and without vital staining. When no stain was used, there were 
observed in the hyphae fat particles, mitochondria which were 
lilamentous m A. duhia and T. clavafa and both filamentous and 
granular in others, nuclei in A. duhia and T. clavat and vacuoles 
at the hyphal tips of all the forms. Mitochondria were stained 
supravitally with janus green Hdcht B. and dahlia violet but both 
of them were very toxic and stained the mitochondria in phases 
preceding the death of the hyphae, A number of vacuolar vital 
dyes were employed to colour the vacuolar system both supravi- 
tally and intravitally. Neutral red was found to be the least 
toxic and a most satisfactory dye for this purpose. No 
inef achromatic corpuscles have been found in these fungi. 

3. Ill each case the mycelium was fixed in a number of 
mitochondrical fixatives. Hedy's liquid was found to be 
most satisfactory. The structure of the mitochondria in 
fixed preparations was as observed in the living condition of the 
hyphae. Acetic acid and alcohol did not destroy the mitochondria 
in any of these fungi. 

4. A number of nuclear fixatives were used to fix the nuclei. 
Iron-alum haematoxylin was employed to stain them. Saksena's 
osmic fixative gave good results in the two species of Aplianomyces 
while Merkehs with acetic acid proved quite successful for A, 
duhia and T\ clavata. The structure of the nuclei was observed 
and found to correspond to that described by Saksena for the genus 
Pythiurn. No mitotic division was observed. Amitotic division 
has been occasionally found. 

In the end it is my pleasant duty to express my gratitude to 
Prof. J. H. Mitter who has given me all the laboratory facilities, 
and my indebtedness to Dr. R. K. Saksena, under whose supervi- 
sion this w^ork has been carried, for his continuous interest and 
encouragement. 
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Explanation of plate XII 

Abbreviations used : — 

C = Cytoplasm; F = Fat particles; Ici=IntravacuoIar cor- 
puscles formed under the action of neutral red ; Ic 2 =Pre- 
existing intravacuolar corpuscle: M=- Mitochondria ; Mi= 
Mitochondrium in the process of being vesiculised ; M^ — A 
fragmented mitochondrium M 3 =Fragments of a mitoclion- 
drium which have become A^esiculised ; ]\Ig=Granular mito- 
chondria ; N= N' Helens ; R=Vesiculised mitochondrium ; T = 
Tonoplasni; V = Vacuole; Vc== vacuolar canalicules. 

Figs. 1-13. Hyphal tip of Aphanomyces camptostylus treated with 
neutrarred solution, showing the initial vacuolar system in the form of a 
reticulum. (X 1600). Fig. 2. Hyphal tip of Aphanomyces camptosfylus 
treated with neutral red solution, showing the initial vacuolar system in the 
form of round and ellipsoidal vacuoles (X 1600). Figs. 3, 4 and 5. A portion 
of a young filament of A. dubia sketched at three stages after being- 
treated with neutral red. The figures show the gradual evolution of 
intravacuolar corpuscles in the vacuole. (X 1600). Fig. 6. A portion of 
a filament of A. dubia as seen in the living condition without being treated 
with any vital dye (X 1200). Fig. 7. A portion of a filament of AAubia 
after being treated with dahlia violet for about 15 minutes. (X 1200). 
Fig. 8. A portion of a filament of A. dubia fixed in Sublime-formol 
showing filamentous mitochondria and nuclei. (X 1200). Fig 9. 'A portion 
of a filament oH\ clavafa showing filamentous mitochondria and nuclei. 
(X 1200). Fig. 10. A portion of a filament of T. clavata fixed in the , 
Liquid of Lenhossek, showing the fragmentation and vesiculisation of its 
mitochondria (X 1200). Fig. 11. A portion of a filament of P. intermedia 
fixed in Helly’s liquid showing only the filamentous mitochondria (X 1600). 
Fig. 12. A portion of a filament of P. intermedia fixed in Helly’s liquid 
showing granular mitochondria in large .numbers (X 1600). Fig. 13. A 
portion of a filament of A. cladogamus fixed in Helly’s liquid showing 
both granular and filamentous mitochondria (X 1600). 
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ON TWO SPECIES OF ANTHOCEROS 

FROM CHINA 

BY 

L. P. Khanna 

Biology DepartmerJ-, University of Rangoon 


Received for publication on 9th September, 1938 


For the material which forms the basis of this note the 
writer is indebted to Professor H. H. Chung, Wu-Han University 
Wuchang, Hupeh, China, to whom he wishes to express his 
thanks. 


Anthoceros fulvisporus Stephaai 1916 

Description 

Monoecious. In pale green patches, blackened when dry. 
Thallus 10-15 X 3-5"^, nearly flat, divided into obovatc lobes, with 
the margin entire or wavy ; surface cells 0*035 — 0*07x0*025 — 
0*035, transverse section 5-6 cells high in the middle, without 
lacunae. Involucre sometimes geminate, 2*5 — 3*5 long and 
0*5-1 *0 broad, cylindrical, slightly narrowing towards apex, 
mouth fepand. Capsule 14-25 long and 0*25 — 0*35 broad, dark 
brown ; stomata 0*06 — 0*07X0*025 — 0*03. Spores 0*04 — 
0*045 greenish yellow, very lightly granular papillate ; pseu- 
doelators 1-6 celled, variously shaped, pale brown. 

Collector. S. C. Sun. 

Locality. Lokiashan, Wuchang, Hupeh Prov. China. 

University College, Rangoon Museum No. 1458. 

From the above comparative chart of the pale spored species 
of Anthoceros Linn. 1753 without lucunae in the thallus the 
following species agree with the form described in having 
approximately the same type of spore surface: A, argentinus 
Jacket Stephani 1895,^. brotheri 1916, ^4. brunnthaleri 

Stephani 1916, A. carolinianus Michaux 1803, A, colensoi Mitten 
1885 f A. dkhotomns Raddi 1808, A. esquirolii Stephani 1923,. 
A, fimbriahts Gottsche 1864, A, fulvisporus Stephani 1916, 
A, gualaquizana Stephmii 1916, A. laevis Linn. 1753, A. leraiii 
Stephani 1916, A.mtldbraedii Stephani 1923, A. nordenskjoldit 

* All measurements in millimeters. 
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Stephani 1923, A. parvus Stephani 1923, A, pseudocostus 
Stephani 1916, A. speciosus Jack 1923, A, tenuissmms Stephani 
1893, A, lismnbarensis Stephani 1916 and A, validus Stephani 
1916. The present form differs from A. caroliniams 
Micliaitx 1803, A, colensoi Mitten 1855, gualaquimna 
Stephani 1916, A, speciosMs Jack 1923, A. temmsimus Stephani 
1893, A, usambarensis Stephani 1916 send A . validus Stephani 
1916 by the shorter capsule; from A, brunnthaleri'Stephd^m 1916^ 
A. finibr I at Its Gottsche 1864, A. leraiii Stephani 1916, A, mild- 
braedii Stephani 1923, A. parvus Stephani 1923 and A. pseudo- 
eostiis Stephani 1916 by the greenish yellow colour of the spore 
from A, argentinus Jack et Stephani 1895, A. dichotoinus Raddi 
U08, and A. laevis Linn. 1753 by the shape and other characters 
of the thallus, A. brofheji Stephani 1916, A. esquirotii Stephani 
1923, A. ftilvispomis Stephani 1916, A, nqrdenskjoldii Stephani. 
1923 and the above described form differ from each other in 
minor characters — which are not sufficiently distinct to be of 
specific value. The writer therefore is of the opinion that these* 
may be considered as a single species — A, fulvisporus Stephani 
1916. 

The writer has been unable to consult material of these f orms 
and is therefore unable to state whether differences exist which; 
would supplement the already existing descriptions. Judging 
from the characters so far given however he is of the opinion 
that there is only one species, A, fulvisporus and the other 
three listed are environment forms w^ithout specific validity. 

Anthoceros Chungii sp. nov. 

Description 

Dioecious. In dark green patches. Thallus 4-10x3-5, depressed' 
in th<e c^ptre, margin ascending, divided into numerous, narrow 
linear or more or less cuneate lobes ; surface cells 0. 035-0.04Sx 
0.01-0.025, transverse section of middle of the thallus 10-16' 
cells high, lacunae large. Involucre 2-4.5 long 0.3-0.5 broad, 
oval sharply narrowed towards the apex, mouth lobulate. 
Capsule 15-45 long and 0,2-0.3 broad, ; stomata 0.05-0.07x- 
G.02-0.03 (guard cells unequal. Spores 0.03-0.04 light brown 
granular papillate. Pseudoelators brown, of 2-6 cells. 

Antlieridia in groups of 2-4. 

Collector. H.H.Ghung. 

Locality. Kiangsi Prov. China. 

University College, Rangoon Museum No. 1459 

From the chart of cavernous species of Anlhoceros Linn.- 
1753 with dark spores it will be seen that the following 
species approach the described form in possessing approxi- 
mately the same type of spore surface: A, angusHis Stephani 
1916, Axhevalicri Stephani 1923, A. crisfatus Stephani 1916,.. 
A^ fauriantis Stephani 1916, A» fertiUs Stephani 1916,. 
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A.fa-usiformis Austin 1877, A. gross-involucratvis Stephani 1923j» 
A, indicus Stephani 1916, A, laminiferus Stephani 1893, A!, longii 
Stephani 1916,^. macotmii Howe 1898, A, macrosporus Stephani 
1916, A. myriandroecius Stephani 1916, A, nigra Stephani 1916^ 
A, stephanii Khanna 1937, A, telaganus Stephani 1916, and 
A, tubinatus Stephani 1909. The light brown colour of the spore 
separates the present form from A.faurianns Stephani 1916; 
A. longii Stephani 1916, and A, nigra Stephani 1916 ; the 
smaller size of the thallus together with its shape and 
dioecious nature from -d, Stephani 1916 and laminiferus 

Stephani 1893; the smaller size of the spore from A. chevalieri 
Stephani 1923, A. macounii Howe 1898, A, mcrosporus 
Stephani 1916 and A. myriandroecius Stephani 1916; the 
smaller size of the involucre and shape of the thallus from 
A. gross-involucratus Stephani 1923 and A, fusiformis Austin 
1877; the longer involucre and dioecious nature from 
A. fertilis Stephani 1916 and A. cristatus Stephani 1916 ; 
the smaller size of the thallus together with dioecious nature 
from A, augustus Stephani 1916; the dioecious nature 
together with the shape of the thallus from A. stephami 
Khanna 1937 and A, iubinatus Stephani 1909; the shorter 
invalucre and smaller size of the spore from A, telaganus 
Stephani 1916. It is therefore necessary to create a new 
species for which the name A, Chungii sp. nov. is proposed. 

Description,'^ 

Plaiita dioica. Pannis fnsco-viridis commixa. Frons 4-10 
longa, 3-5 lata. In medio depressa, margine data. Multis 
angustis lobulis dirisa, linearibus vel aliquantium cuneatis. 
Cellae superficiales 0.035-0.045x0.01-0.025. Mediae frontis 
sectio transversa 10-16 cellis excelsa. Magnae lacunae. In- 
volucre 2-4.5 longa, 0.3-0. 5 lata, aspectu ovalis, in apicem 
acuminata, ore lobulato. Capsule 15-45 longa, 0.2-0.3 lata. 
Stomata 0.05-0.07x0.02-0.03, cellis inequalibus custodita. 
Sporae 0.03-0.04 subfuscae, granulatae papillatae. Pseudo- 
elatores fusci, 2-6 cellis muniti. Antheridia 2-4 in caverim 
conglobata. 
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The alga forming the subject of this note was collected in 
April, 1934-', from the estuarine region of the River Cooum 
at Madras. This estuary is connected with the sea only 
during portions of the year and the rest of the period it is 
separated from the sea by a sand bar. At the time of collection 
.of the alga, the estuary was not connected with the open sea, 
.and the water was stagnant and highly brackish. The alga was 
found occurring here as a floating plankton imparting to the 
water a greenish appearance. It was especially abundant in 
certain stagnant portions of the water, between some rocks near 
the bank, where it formed a pale green scum on the surface. 
The alga was collected with the help of a plankton net and was 
preserved on the spot in 5% formalin in the estuarine water;; 

On the following day, some of the alga preserved in 
formalin was washed in several changes of water and then 
gradually taken up through the grades of alcohols into 85% 
alcohol. " The washing as well as the changes of alcohols were 
all done with the help of a centrifuge. Smear preparations of 
the alga were made from 85% alcohol as per method described 
for protozoological perparations by McClung (1929, p. 
397 etseq). A slide is smeared with a thin layer of Mayer's 
albumen fixative and a drop of the 85% alcohol containing the 
alga is pipetted on to the surface of the slide. The alcohol 
while it evaporates distributes the organisms and coagulates 
the albumen. When the albumen is just beginning to dry 
ttp, the slide is dipped in a jar of 90% alcohol for further 


From the Department of Botany, University of Madras. Thesis 
approved rvin part) for the Degree of Master of Science of the University 
of Madras. , ' . . ^ 

A brief account of this alga was read before to the Annual Meeting of 
the Indian Academy of Sciences at Madras alga in December 1938." 
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hardening of the albumen. From 90% alcohol the slide is* 
taken down through the alcohol grades back into water and 
then stained with iron-alum haeniatoxylin. A few slides were 
stained in Delafield’s haematoxylin, and a but 

the iron-alum haeniatoxylin preparations were found to be the 
most satisfactory. 

The trichomes of the alga vary considerably in length and 
are always closely coiled into a spiral of -|-16 turns (PI. XIII, Fig. 
1, Text-Figs, 1-9). The spirals are on the average about 
30-80 IX in diameter. The direction of the coiling of the trichome 
is either clockwise or anti-clockwise, but the coiling of any one 
particular individual is in one direction only ; there is no reversal 
in the direction of the coiling in the course of its spiral. 
However, a false impression of a reversal in the coiling is 
given when the trichomes are examined under a cover glass after 
the water underneath the cover is allowed to dry up somewhat 
(Text-figs. 5, 6, 8). The trichomes then, owdng to the pres- 
sure of the cover-glass, become flattened out, and their spirals 
become elongated and are thrown into many folds, showing 
several changes in the direction of the coiling, thus giving a 
false impression of reversals of the spirals. (Text-figs. 5/ 
6 , 8 ). 

The trichomes of the alga are 7.6 — 11. 4 {.i thick (without the 
mucilage), and the thickness of each individual trichome is 
more or less uniform throughout its length, i he cells compri- 
sing the trichomes are short and barrel-shaped and are slightly 
rounded between the cells (Text-figs. 10, 12 — IS). Their 
contents are blue green in colour and are slightly granular with a 
few pseudovacuoles. They are as a rule slightly broader 
than long but often they are as long as broad, and are 
distinctly longer just before division. The division of the cells 
takes place by the usual constrictive division about the 
middle of the parental cell (Text-figs. 11 — 15). The dimen- 
sions of the cells are 7.6 — (9.5) — 11.4 fx broad, and 5.7— -(7.6) — 
9,5 fx long. 

The protoplast of each cell is surrounded by a wall composed 
of three investments, an inner, a middle and an outer layer. The 
inner layer forms a closely investing, thin, but firm layer round 
the protoplast, and is continuous with the transverse septum 
separating the cells of the trichome. When a filament is treated 
with iodine and sulphuric acid or with chlor-zinc iodide, this 
layer remains unaffected indicating that it contains no cellulose. 
'Siniilarly when treated with ruthenium red, it remains unaffected 
showing that no pectin either is present. The middle layer is 
also thin, but is decidedly thicker than the inner one. This 
layer, unlike the inner one, is stained distinctly blue with iodine 
and sulphuric acid and violet with chlor-zinc iodide, indicating 
a clear cellulose nature. When treated with rutheniunT red^ 
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Text - figs. 1—9. Text-fig. 1. A short trichome with a heterocyst at 
-each end and a developing pair of intercalary heterocysts. Text-fig. 2. 
Trichome with a heterocyst at each end and a developing pair of intercalary i 
spores. Text-fig. 3. Similar to Text-fig. 2 but with-spores fully maturA 
Text-fig. 4. A trichome without any heterocyst at either end- Text- 
figs. 5, 6 and 8. Trichomes showing several reversals in the coiling due 
to pressure of the alga under the cover-glass. Text-fig. 7. Trichomie . 
with a pair of spores at one end and a heterocyst at another and a row , . 
of four spores in the middle. Text-fig. 9, A trichome with a number*^'' 
of pairs of intercala'ry heterocysts in various stages of development^' (All 

figures X 290). ■ - - 

^ ■ ... 
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however, it remains unaffected indicating that no pectin is pre- 
sent. When stained with iodine, thjs layer is seen as a conti- 
nuous one round the whole length of the trichome and is not 
interrupted opposite the transverse septum, as in A nakaena\ 
(Fritsch 1905, Spratt. 1911), where it forms a sort of cylindrical ■ 
siieath about each cell and is not continuous with those of the 
neighbouring cells. 

The outer layer is very broad and mucilaginous and forms- 
a thick and highly transparent sheath round the trichome. 
This sheath is seen clearly when the alga is mounted in indian 
ink (PL XIII, hig. 2), or is strained with Bisniark brown,., 
methylene blue or gentian violet. A very good idea of the 
exact nature of this sheath is obtained from permanent smear; 
preparations made by the method already described. In these v. 
preparations, as a result of the dehydration of the alga when, 
taken through the various grades of alcohol, the mucilaginous - 
sheath becomes very much contracted and is then seen, not as '} 
continuous thick layer, as one sees in indian ink, or with any of ' 
the stains, but as a series of wing~like expansions around each 
cell of the trichome, separated from one another by a more or 
less deep constriction opposite each transverse septum (PI. XIII,.. 
Figs. 3-4, Text-fig. 11). Each of these individual wing-like- 
portions represents the outer mucilaginous layer of the cell-wall 
highly contracted as a result of the dehydration. Under ordinary 
conditions, this mucilaginotts layer of the cell-wall is full of 
water and is highly s\^ol^ri and abuts closely, on to the corres- 
ponding layers of the adjacent cells, with the result that the ^ ' 

• entire trichome appears to be stirrounded by one continuous thick r i 
mucilaginous sheath (PL XIII, Fig. 2). It is only when dehy- ; i 
drated that the composite and discontinuous nature of the- / 
mucilaginous sheath becomes evident. In other words, what 
appears to be one continuous sheath round the whole length of 
the trichome is really a series of separate cylindrical mucilaginous . \ 
portions placed end to end, each cylindrical portion being ' 
secreted by the respective cell which it envelopes. This secretion ' r 
of mucilage by the individual cells, however, does not seem to be , ^ 
quite uniform all round, for there is always present opposite'" 
each transverse septum a deep construction indicating the absence 
of mucilage there (PL XIII, Figs, 3, 4, Text-fig. 11). The secretion, 
of mucilage by each cell seems to be greatest opposite to its 
middle region and to gradually diminish towards the two ends^- 
and to be completely absent at the region of the transverse 
septum. Further, the mucilage secretion appears to be greater 
on the outer (convex) side of the tricl ome than on its inner 
(concave) side, since the contraGted wing-like portions of the- 
cdls are larger and broader and more or less rectangular on the - 
outer side and are smaller and narrower and more or less- 
triangular on the inner side. 

The above described composite nature of the mucilaginous ■ 
sheath, owing to its secretion by each individual cell, is not a new 
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observation. Fritsch (1905) in his study of Anabaena 
already observed a similar feature. He says (Fritsch, 1905. 
p. 201) ‘'Treated with Vesuvin it {the mucilaginous hwesD 

turns brown and is seen to consist of a number of 
successive layers. The inner most, and therefore most recent, of 
these closely follows the outline of the cell-sheaths of the indivi- 
dual protoplasts and thus presents a moniliform appearance, 
indicating the excretive activity of each cell ’'. The present 
observations confirm fully the above observations of Fritsch 
regarding the excretive activity of each cell and afford further 
a clear demonstration regarding the composite nature of the 
mucilaginous sheath round the trichome. 

Heteroc^sts 

The heterocysts in this alga, are both terminal and inter- 
calary. In the case of the former they are usually single, situated 
one at each extremity of the filament (PI. XIII, fig. 3 Text- 
figs. b — 3,5,9.), while, in the latter case, they are usually in 
pairs (Text-figs. 4, 5, 6, 7, 9, 14). Each of the fully formed 
heterocysts is more or less spherical in shape and its contents are 
homogeneous and greyish green in colour. They are 9.5— (13.3) 
— 17.1 g in diameter and are provided with a thick wall composed 
of two envelopes, an inner and an outer. A fine refractive granule 
is usually visible at one end, or often even at both the ends, 
of the mature heterocyst (PI. XIII, Fig. 3— 4, Text-figs. 11, 14). 

The heterocysts in this alga originate always in pairs, in 
an intercalary position, through the division of any two 
adjacent, intercalary, vegetative cells. These two cells divide 
sitnultaneously, but unequally, each cell cutting off a smaller 
portion on the side on which it is in contact with the other 
(Text-fig. 12). The two small cells which are thus cutoff,, 
develop in contact with each other into the two heterocysts 
(Text-figs, 1, 3, 6, 9, 11-15). The details of their develop- 
ment are as follows. Their contents gradually lose their granular 
appearance and become homogeneous. The ihiddle layer of 
theWi cell wall becomes thickened all round, except at the 
two ends where the cells are in contact with their neighbou- 
cells. At these two ends a small pore-like unthrekened 
portion becomes evident, the contents appearing to be communi- 
cating with those of the neighbouring cells — the vegetative sister 
cell; on one side and the second heterocyst on the other. Mean- 
while, owing evidently to the transformation of the protoplast into 
a homogeneous substance and probably also to a change in the 
nature of the middle layer of the cell-wall, the secretion of the 
mucilage by the protoplast is stopped. Consequently, the mucila- 
ginous sheath gets separated as a lose sheath round the heterocyst 
(Text-fig. 10) and is finally lost. Thus the heterocysts when they 
are fully mature, possess- usually no mucilaginous sheath (PI. 
XIII, Figs. 3-4, Text-fig. 11). When the walls become further 

♦The words within the brackets are by the present author. 
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thickened, a fine refractive granule makes its appearance opposite 
each of the pores and becomes proniinent, as the heteroevsts 
Miature (FI. XIII, Figs. 3-4, Text-figs; 11, 14). 

Each of the newly organized intercalary heterocyst has two 
large gi'antiles one on either side, where it is in contact with 
the neighbouring cells (Text-figs. 4, 7] 9, 14). These, two 
granules are generally equal in size, but often the granule on 
the side on which the heterocyst is in contact " with .-the 
other heterocyst is somewhat smaller (Text-fig. 14), When 
these heterocysts become terminal owing to the fragmentation 
of the trichome between them, the granule now on the free 
end of the heterocyst, becomes gradually smaller and smaller and 
ultimately disappears. Thus it is often difficult to observe a 
granule at the free end of a terminal heterocyst, though the one at 
the other end is always prominently seen (PI. XIII, Figs. 3-4). 

Each of the fully formed lieterocyst is more or less spherical 
in shape and has a thick wall composed of two envelopes, an 
inner and an outer. When treated with iodine and sulphuric acid, 
or with chlor-zinc iodide, the inner of the two envelopes show^s a 
clear cellulose reaction, while the outer layer remains unaffected. 
When a trichome is stained with ruthenium red, by a prolonged 
immersion in it, only the inner layer is stained lightly, indicating 
the presence of pectin as well in this layer. The outer is layer 
unaffected even in this case. ^ 

The trichomes of this alga generally fragment into a number 
of smaller trichomes. The fragmentation takes place usually 
between a pair of intercalary heterocysts, with the result that the 
heterocysts become terminal in each of the daughter trichomes. 
Frecjuently, however, the trichomes fragment at other places, 
between a vegetative cell and the pair of intercalary hetero- 
cysts or between any two vegetative cells. In such cases, the 
daughter trichomes do not possess a heterocyst either at one 
or even at both ends (Text-figs. 4, 6). 

Though the heterocysts in this alga may be found both 
in a terminal and in an intercalary position, their origin is always 
intercalary. They never originate in a terminal position; Further 
the two intercalary heterocysts are not derived by the division of 
a single vegetative cell, but by an unequal division of two 
adjoining vegetative cells. In other words, the two heterocysts 
are not sister heterocysts. 

The formation of heterocysts here described is quite similar 
in all respects to that described for various species of Ana- 
by previous authors. The stages in the formation of 
the heteroGysts in the present alga agree verv well with those 
figured by Miller (1923) in A.Elenkini (Miller 1923, p. 118, 
figs. 1,3,4), by Aptekar j (1926) in Aiiabaendpsis Arnoldii 
(Geitler, 1930-32, Fig. 519) and by Taylor (1932) in a number of 
s];i^cits ol Anabaenopsis (Taylor, 1932, PI. 39, Figs. 1, 4, 5, 6, 8, 9, 
1041,13 and 14). 

mucilaginous investments of the individual cells. Note the prominent 
granules at both the ends of the heterocyst and the absence of mucilage 
sheath round the heterocyst. Text-tig. 12-15 Portions of trichomes 
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Spores 

The spores are usually intercalary in position and are formed 
nTOstly in pairs (Text-figs. 3,6,7,15). They are, as a rule, remote 
from the heterocysts, and are separated by a few or more 
vegetative ceils. When fully ripe they are ellipsoid in shape and 
are 13’3-(15-2)-19*0 broad and 17T-*(19'0)~22-8 long. They 
possess a thick wall, composed of two envelopes, an inner and 
an outer (Pl. XIII, Fig. 2, Text-figs. 3, 6-8, 15). Their contents, 
when mature are highly granular and greyish green in colour. 

The development of the spores takes place as usual from any 
ordinary vegetative cell, and here also, as in the case of the 
heterocysts, the cells giving rise to them are always intercalary in 
position and never terminal. Any two intercalary vegetative 
cells lying adjacent to each other increase in size (Text-fig. 2) 
more or less simultaneously and their contents become more 
granular in appearance. Their walls become gradually thickened, 
and their ends get rounded off and eventually grow into mature 
spores (Text-figs. 2,3,6,7,15). 

The fully developed spore has two envelopes, an inner, thin 
I and transparent, and an outer, very thick, smooth and faintly 

striated (PI. XIII, Fig. 2, Text-fig. 15). These two envelopes are 
j derived from the two respective envelopes of the vegetative cells 

j and show more or less the same reactions to iodine and sulphuric 

t ; acid or chlor-zinc iodide. The outer wail of the spore, however, 

gives a much clearer reaction for cellulose than that given by the 
corresponding layer in the vegetative cell. It also gives a faint 
reaction for pectin when stained with ruthenium red. Evidently 
thisdayer is made up of cellulose with a small quantit}’ of pectic 
material. 

I Though the spores are generally formed iiT pairs and in an 

> i iiitercalary position (Text-figs. 2, 3; 5, 6, 7, 15), deviations from 

this rule are frequently seen. Occasionally only a single spore 
is formed evidently due to the failure of one of the twoadjoining 
!ij cells to develop into a spore (Text-fig. 8) , So also Gccasionally, 

due to the simultaneous development of two pairs of .adjoining 
cells, a row of four spores is formed (Text-fig. 7). The frag- 
mentation of the trichome may take place between a pair of 
originally intercalary spores and transform them into terminal 
spores, one at each end of the trichome (Text-fig. 8). Occasionally 
again, two spores may be found at one or both ends of the 
trichome due to the fragmentation of the trichome between a 
vegetative cell and a pair of intercalary spores (PL XIII, 
Figs. 2, 4, Text-fig. 7). 

I . . ' ' ' ' ■ ' ' ■■■ ■ ■ ■ 

^ Multiplication 

Multiplication in this alga takes place by the fragmentation 
of the triGhorae into two or more smaller fragments. The 
fragmentation is effected iisitally between a pair of intercalary 
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Iheterocysts, their point of attachment, probably affording the 
easiest portion for breaking apart. However, as already pointed 
.out, fragmentation may take place in other positions also— (i) 
between a vegetative cell and a pair of heterocysts, (ii) between 
.a pair of spores, (iii) between a vegetative cell and’ a pair of 
spores or (iv) merely between two vegetative cells, 

^Systematic position of the alga 

From a description of the alga given above, it is quite clear 
that the alga under consideration undoubtedly belongs to the 
rgtnits Anabaenopsis, 3 ls shown by the usual terminal position of 
the heterocyst, by the paired intercalary development of the 
heterocysts and spores and by the development of spores usually 
away from the heterocysts. In the shape of its cells and 
‘heterocysts, it agrees very -well with Anabaenopsis Arnoldit Aptek. 
Blit, the dimensions of the present alga are larger than those of the 
• other forms in all respects. In the number of spirals (-| — 16) it 
agrees somewhat with the Russian form (-| — 9) but exceeds it in the 
greater number, as well as in the greater diameter of the coils {SO- 
SO fi), Further, in the average thickness of its trichomes, it is much 
.thicker than the Russian as well as all the other forms, the nearest 
:approach to it being the Philippine form of Taylor (1932). The 
thickness of the trichome in the present case is 7,6 — 1 1.4 [i whereas 
those of the Russian and the Philippine forms are only 6*5 — 9.0 
and 7.5 — 9.4 n respectively. However, the more marked differences 
from any of the described forms are the dimensions of the hetero- 
"Oysts and the spores, which exceed those of! any of the forms* 
described till now. On an average, the heterocysts of the 
present alga are 13*3 fi in diameter, while those of the Philippine, 
the Russian and the African forms are on an average only 7*9/q 
•9*2ja and 9.8 ^iM respectively. The dimensions of the spores of - the 
present alga are 13-3 -(15*2) — 19*0 broad and 17‘1— (19.0)' 
- — 22*8/^ long, while the largest size for any of the forms des- 
cribed till now is only 12 — 14 p bi*oad and 16 — 18 /^.long 
in the Javanese form of Anabaenopsis Arnoldii Aptek.: {=Ana^ 
baenopsis circularis' ydx, javanica (Woloszy.) Elenk.)] ThuS‘ 
from the foregoing, it is quite clear that the alga under considera- 
tion is undoubtedly much larger than any of the forms of Anabai- 
nopsis Arnoldii so far described and may therefore, be. 

regarded as a new variety .of A, Arnoldu which, may be called 
.Anabaenopsis Arnoldii y^.r, mdicll now 

Description of the alga 

Anabaenopsis Arnoldii A'^tek. var. van nov. 

Trichomes elongated, spirally coiled ; coils 4— 16 in number ; 
diameter of each coil 30 — SOp ; trichome 7*6— 11 *4/^ ; in diameter ; 
cells short and barrel shaped and slightly rounded between the 
cells ; cells usually broader than long, but distinctly longer just 
•before division; cells 7*6— (9*5) — ll*4a broad and 5*7— (7*6)— 
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9’5fi long ; celi-conteiits blue green in colour and slightly granii- 
lar, with a few pseiidovaciioles ; heterocysts terminal or inter- 
calary; origin of heterocyst always intercalary in pairs, by the 
development of twm cells derived by an unequal division of two 
adjoining vegetative cells; heterocysts spherical, 9*5~(13‘3) — 
17 * 1 , « in diameter; contents pale blue green in colour ; wall fairly 
thick, with a distinct basal granule at one or even both ends;, 
spores intercalary or terminal, usually away from the heterocysts ; 
origin of the spores always intercalary and never terminal; 
spores ellipsoid in shape and are 13*3 — (15*2) — 19*0, u broad and 
17*1 — (19*0) — 22*8y long; spore wall very thick and faintly 
striated ; contents highly granular and greyish green in colour; 
multiplication by fragmentation of the trichome, usually between 
a pair of intercalary heterocysts. 

Habitat ; — Found as a water -bloom in the estuarine region of 
the River Cooum at Madras, India. 


General Considerations 

The genus Anahacnopsis was established by Miller (1923) in^ 
1923 raising Woloszynska's (1913) section Anahaenopsis oi the 
genus Anabaena to a generic status. He gives the following 
diagnosis for the new genus Trichomata brevia, spiralitcr 
contorta, Anabaenae similia, sed utroque fine heterocysta 
terminata. Heterocytae novae semper binae e cellulis contiguis 
nascuntur et inter eas trichomata in partes fere aequales dissol- 
vunter. Sporae (ubi notae) sphaericae, sive eliypticae a hetero- 
cystis remotae/' (Miller 1923, p. 125.) He gives also a brief 
German summary wherein he states : — “ Beschreibung eiiier 
neuen Cyanophycee (Centralriissland), die zur einen neuen 
Gztixmg An ah aenop sis gehort und sich von der Gattung Anabaena 
durch die stets terminalen, an beideii Enden der kiirzen, spiralig 
gebogenen FMen sich befindenden Heterocysten unterscheiden,. 
Die Heterocysten werden immer paarw-eise durch ungleiche 
Teihing zweier nebeneinander liegender Zellen gebildet und. 
zwischen ihnen zerfallen die Faden in zwei ungefahr gleiclie 
Teile.'*^ (Miller 1923, p. 126.) Thus Miller describes two import- 
ant features as characteristic of his new genus Anabacnopsis^ 

(1) the presence of a heterocyst at each end of the trichonie and 

(2) the development of paired intercalary heterocysts always 
by an unequal division of two adjoining vegetative cells. 

Aptekar j (1926) described in 1926, a new species of 
Anabaenopsis by nsixn^ Anabaenopsis Anwldii Aptek. and 
figured the characteristic method of formation of the paired 
intercalary heteroGysts, through the Unequal division of two- 
adjoining vegetative cells (Ref. Geitler (1930-32), Fig. 519), 
similar to that Griginally described by Miller (1923) in A, lElenkini' 
.Miller. yV- . V . , 
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Geitler ( 1930-32), while describing* the gttms Anabaenopsis 
expresses the view that, the diiferences between Anabaenopsis- 
and A nabaena are not substantial and doubts whether a separate 
genus could be maintained. He, however, Anabaenopsis 

a separate genus and states in his general diagnosis of the genus 
that the heterocysts in this genus are as a rule one at each end 
of the trichome and that no intercalary heterocysts are present 
except in Anabaenopsis Arnoldii Aptek. He gives this latter 
species, a doubtiul position and places it in an appendix of the 
genus Anabaenopsis, expressing the opinion that A, Arnoldii 
probably belongs to Anabaena, on account of the frequent absence 
of the terminal heterocysts in this alga. But, he points out at 
the same time that this species should be considered as an 
Anabaenopsis because of the characteristic method of origin of 
the heterocysts, even though the species lacked frequently the 
•terniinal heterocysts. Thus Geitler (1930-32) seems to be of 
the opinion that the peculiar origin of the paired intercalary 
heterocysts is evidently a more distinguishing feature of the 
genus, than the presence of a heterocyst at each end of the 
trichome. He states: '‘Die Art Hesse sich aus praktischen 
Grunden mit niehr Recht zu Anabaena stellen, da das Merkmal 
der ausschliesslich endstandigen Heterocysten fehlt. Doch 
zeigt die charakteristische Entstehungsweise der Heterocysten 
(siehe die Figur), dass sich die Art zwanglos als eine 
nopsis vom Typus A, circularis auffassen lasst, bei welclier- 
das Auseinanderbrechen der Trichome zwischeii den Schwester- 
heterocysten verzogert ist. Soweit bekannt, kommen soldie 
Schwesterheterocysten bei Anabaena, ziunindest nicht regelmassig,„ 
nichtvor.’* (Geitler 1930-32, p. 810-811 ). 

Taylor (1932) in describing a number of species of 
Anabaenopsis found that inmost of his specimens the heterocysts 
were formed by the paired development of two small cells, each 
derived as a result of an unec[ual division of two adjoining- 
vegetative cells. He points out, "Aptekarj (1926) stresses the 
paired intercalary heterocysts seen in his plant {Anabaenopsis- 
Arnoldii Aptek. '^) as a feature to distinguish it from the other 
Anabaenopsis species; this is not a character that can be thus 
applied. It appears that, in Anabaenopsis, the heterocysts are 
formed in pairs by the unequal subdivision of two yegetative 
cells, each cutting off a small portion on the adjoining ends. 
These two portions then enlarge and mature in contact into the 
characteristic heterocysts of the species.” (Ta}dor 1932, p. 457- 
458.) Thus this author also seems to be of the opinion that the 
paired intercalary development of the helerocysts always by an 
unequal division of two adjoining cells is a feature very charac- 
teristic oi iht genus Ambaenop sis, 

Frotn the foregoing it may be seen that all the four authors 
who have dealt with the genus, viz., Miller (1923), Aptekar j, 

*The words in the brackets arc inserted by the author. 
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( 1926 ), Geitler (1930-32) and Taylor (1932), 

■a way that the peculiar method of origin of the paired intercalary 
heterocysts by an unequal division of two adjoining vegetative 
cells is the more characteristic feature of the genus than the 
.mere terminal position of the heterocysts. 

Bharadwaja (1933), while describing a species of Cylindro- 
.spenmim with lieterocyks at both ends of the trichome expresses 
the opinion that Anabaenopsis can scarcely stand as a genus 
separate from Anahaena simply because of the presence^ of a 
heterocyst at each end of the trichome, since such a feature is seen 
in certain species of Anahaena bXso {Anahaena echinospora SVin] 2 i). 
lie expresses the opinion that, if the presence of a heterocyst at 
both ends of the trichome should form a sufficient basis for the 
oi Anahae nop sis irom Anahaena^ the same procedure 
will have to be adopted in the case of those species of Cylindros-^ 
pernLunh which possess a heterocyst at both ends. This objection 
would, no doubt, be quite, valid, if Miller (1923) had based his 
new genus solely on the single feature of the occurrence of a 
heterocyst at each end of the trichome. But, as pointed out 
already, Miller ( 1923) bases his genus not only on the pre- 
sence of a heterocyst at both ends of the trichome, but also 
-on the method of origin of the two intercalary heterocysts, 
through the unequal division of two adjoining vegetative cells. 
Thus it is not the terminal heterocysts alone that distinguishes 
this genus, but also the other and more important and 
characteristic feature, viz., the method of origin of the paired 
intercalary heterocysts. 

Bharadwaja (1933) describes the formation of paired inter- 
calary heterocysts in Cylindrospermiim muscicola Kutz. var. 
kashmir ensis Bharadwaja. The method of origin of these paired 
intercalary heterocysts is, however, quite different from that 
described above for Anabaenopsis. In this Cylindrospermmn, 
the paired heterocysts originate b}' the division of a single 
■vegetative cell, while in Anabaenopsis the two heterocysts are 
formed as a result of an unequal division of two adjoining cells. 
In .other words, the paired intercalary heterocysts in the 
''Cylindrospermum are sister-heterocysts, while in Anabaenopsis, 
the paired heterocysts, are never sister-heterocysts, since they 
are always derived from two different though adjoining vegeta- 
-tive cells. 

Thus, in view of all the facts stated above, it looks as though 
the best thing to be done under the circumstances is not to stress 
■on the presence of a heterocyst at each end of the trichome at all, 
l)iit to consider as the main distinguishing feature of the genus 
Anabaenopsis^ the characteristic method of origin of the lietero- 
cysts, always in pairs, in an intercalary position, by the unequal 
‘division of two adjoining vegetative cells. If this suggestion 
should be accepted, only those species which show this peculiar 
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origin of the heterocysts should be included in the genus 
M&psiSy ii respective of the fact whether there are always terminai 
heterocysts or not. 

According to this suggestion, the following species, where 
the method of origin of the paired intercalary heterocysts is 
.already known, and conforms to the above definition can be 
straight away included in the Anahaenopsis:-- 

(1) A. Elenkini V. Miller (Miller, 1923), 

(2) A. circularis (G. S. West) Wolosz. et Miller ( Miller 

1923). 

(3) x4., Taylor (Taylor 1932). 

( 4) A, Arnoldii (Aptekarj 1926). 

( 5) A,; Arnoldii YZ.X. javanica Tzylor (A^ circularis var. 

-javanicc^ (.Wolosz). Elenk.) (Taylor 1932). 

(6) 'A. Arnoldii iovm^ africaka Taylor (Taylor 1932). 

( 7) A. ArnAdii Yzr. indicd^ var. nov. 

The following species^ ‘Epfyever, can be included in this 
genus ppvisionally as fofhis. not fully known until more 
information is available regarding the method ol origin of the 
paired intercalary heterocysts in them:— 

( I) A. NadsoniiSWoronichin (Woronichin 1929). 

(2) A, Milleri Woronichin (Woronichin 1929). 

(3) A, Tanganyikae (G. S. West) Wolosz. et Miller 

(Miller 1923). 

(4) A. pjiilippinensis Tzylov (Taylor 1932). 

(5) A» luc^onensis Tzylor (Taylor 1932), 

As regards A, Raciborskii Wolosz., according to Geitler 
(1930-32), the heterocysts in this species never originate in 
an intercalary position, but are formed out of the pointed end cell. 
He states (Geitler 1930-32, p, 809.) ‘'"Die Heterocysten entstehen 
niemals interkalar, sondern werden aus der zugespitzten Endzelle 
gebildet.^'" Since, the method of origin of the heterocysts in 
this species is quite different from that chaiacteristic of the 
genns in being terminal and not intercalary, this species will 
have to be removed from the genus Anabaenopsis. 

Finally/-it rnust be stated, however, that very little is 
known regarding the method -of origin of the heterocysts in 
Ambaena. It is just possible that the method of origin of the 
heterocysts in A! may prove to be cjuite similar to that of 

Anabaenopsis^ in which case the genus Anabaenopsis will have to be 
discarded and included as previously in as a separate 

section Anabaenopsis, But until this is proved to be so, it is 
to retain it as a genus quite separate from Anabaena, 
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Summary 

A new variety of Anabacnopsis Arnoidii Aptek. is recorded 
from the estuarine region of the River Coottm at Madras. 

A detailed account of the structure and nature of the different 
layers of the cell -wall, especially that of the outer-most mucila- 
ginous envelope is given. 

The origin and development of the heterocysts and the spores 
are described in detail. 

The variations in the appearance of the trichome due to the 
irregularities in its fragmentation are explained. 

It is pointed out, that though the presence of a heterocyst at 
each end of the trichome has been accepted as the chief feature 
of the genus Anabacnopsis, the other and more important feature 
mentioned by Aliller (1923) in his original diagnosis of the genus, 
viz., the method of origin of the paired intercalary lieterocysts by 
an unequal division of two adjoining cells, has not been given 
proper emphasis by the later authors. It is suggested that this 
characteristic method of origin of the heterocysts should be made 
the main distinguishing feature of the genus, the presence of a 
heterocyst at each end of the trichome being considered as a 
feature of only secondary importance. 

In conclusion, I have great pleasure in expressing my 
indebtedness- to Professor M.O.P. Iyengar, M.A., Ph.D., 
(Lond.), F.L.S., for his constant guidance and helpful criticism 
throughout the course of this work. My acknowledgments are 
also due to the authorities of the University of Madras for the 
award of a research scholarship during the tenure of which the 
present investigation was carried out. 
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Explanation of Plate Xlil 

E'ig. 1. Photomicrograph showing a large number of trichomes 
of different lengths (X 47). 

Fig. 2. Photomicrograph of a specimen mounted in Indian ink, 
to show the outermost mucilaginous sheath (X 470). 

E"igs. 3. and 4. Photomicrographs of the smear preparation of 
the alga, stained in iron-alum haematoxylin, showing 
the wing-like mucilaginous investment around each 
cell. Note the presence of the prominent granule 
at the two ends of the terminal heterocysts in Fig. 5. 
(X 430). 
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During the earlier half of October, 1936, the writer made a' 
fairly rich collection of algae from the Central Provinces, mainly 
from Katni, Durie, Jubbulpore, Itarsi and Hoshangabad. The 
investigation of these algae is being done in parts and they would, 
be recorded in a series of papers. 

No member of the Conjugales has yet been described from 
these Provinces and the present account relates to some of the' 
Zygnemoideae. In all twenty-nine forms have been recorded and 
out of these six varieties and thirteen forms are new. 

SYSTEMATIC ENUMERATION OF THE 
SPECIES OBSERVED. 

(a) Zygnemaceae. 

Genus Zsinema Agardh. 

1. Zsgnema globosum Czurda Czurda, in Pascher's 
Siisswasser-flora, Mitteleuropas, Heft 9, 1932, p. 1G9, Fig. 110... 

Forma (Fig. 1, A-D) 

Lat. cell., 27-30 /n; long, cell., 33-40 pt; crass, zygosp.: 
spheric., 30-42 fi; dimen. oval zygosp., 36X42 ft; 32x43 
scrobiculations 3-4 broad and 1-2 ^ apart. 

Habitat: — In a stagnant pond (Adhar Tal) along with a 
sterile species of Oedogonimn, Aulosira Fritschii and others,. 
Jubbulpore. 

This form is characterised by having smaller zygospores. 


From the Department of Botany, Benares Hindu University. 
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Geaus Spirog^ra Link. 

2. Spirois^ra varians (Ktitz.) Czorda Czurda, op: cit., 
1932, p. 173, Fig. 177. 

Forma 

Lat. cell., 33-36 /z; long, ceil., 40-82 a] crass, zygosp., 
30-36 Li : long, zygosp., 40-60 //. 

Habitat In a puddle on the rock quarry, Hqshangabad, 
along with Spirogyra subsalsa var. macrospora, sterile filaments 
■of Mougeotia, Spirogyra sp., Anabaena sp., Scenedesmits sp.> 
Oedogonium sp., Pediastnim sp. and Gomphonema sp. 

This form has slightly broader cells. 

3. Spirogyt'a decimina (Mull.) Czurda Czurda, op. cit,^ 
1932, p. 176, Fig. 181. 

Forma (Fig. 1, F). 

Lat. cell., (28-) 30-33 // ; long, cell., 85-100 ; crass, zygosp., 
35-36 /(; long, zygosp., 60-73 /o 

Habitat: — In a road-side puddle, along with Spirogyra 
scrobkulata var. inflata, sterile filaments of Spirogyra,^ Zygnema' 
•and a species of Nitzschia, Hoshangabad, 

The form agrees with the type in all respects except that the 
zygospores are frequently longer, and the conjugation canals 
are shorter. 

4. Spirogvra longata (Vauch.) Czurda Czurda, op, cit., 
1932, p. 178, Fig. 184, 

Forma (Fig. 1, F & G). 

Vegetative cells 2-6 times as long as broad, pale violet or 
liyaline ; end-walls plane ; chloroplast single. Conjugation lateral 
and very rarely ^ scalariform; fructifying cells unswollen. 
Zygospores ellipsoidal, usually with rounded, ends ; exospore thin, 
smooth and colourless; mesospore thick, smooth and yellowish- 
brown ; endospore indistinct. 

Lat. cell., 36“42 long, cell., 50-240 fi; crass. ’zygosp., 
33-38 g ; long, zygosp., 40--63 g, average 50 g. 

Habitat: — In a pool on hills, along with Mougeoiia recurva,. 
Jkf. temtds dsid others, Jubbulpore. 

The form differs froni the type iri the broader filaments and 
zygospores, the latter with usually rounded ends. The scalari- 
form conjugation is/ however, very rare in this f ornv 



Fig. 1. A & Conjugating filaments with zygospores, C't & D — 
zygospores showing the surface sculpture of Zygnema glohosum Czurcla 
forma; F— Conjugating filaments of Spirogyra {/rcinzma (Mull.)*Cziirda 
forma ; F &. G-— the ssLme oi Sph^og yr a (Vauch.) Czurda forma ; 

F/ ^ /—the same oi Spirogyra scrobiciilata (:S^ Czurda var. 

mfyia var. nov. A—E X 278 ; F & G X 133 ; H & I X ^37, 
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Vegetative ceils cylindrical, 5-10 times as long as broad ; 
end-walls plane. Chloroplast single. Conjugation lateral ; 
conjugation canal formed mainly by male gametangia ; fructi- 
fying cells swollen alround. Zygospores ellipsoidal with rounded 
ends ; exospore thin, smooth and colourless ; mesospore thick, 
yellowish-brown with close-set scrobiculations. 

Lat. cell., 30-33 // ; long, cell., 140-230 u ; crass, zygosp., 
43-66 n ; long, zvgosp., 68-85 (-92) // ; crass, cell, fructif., 
42-58 /i. 

Habitat In a rain-water pool near a river, Katni. 

The variety agrees with the type in the plane end-walls, 
single chloroplast, scalariform conjugation, ellipsoidal zygospores 
with a thick, yellowish-brown and scrobiculated mesospore, but 
differs from the same in the fructifying cells being swollen 
alround, conjugation canal being formed mainly by the male 
gametangia, and in the bigger zygospores. 

Another form exactly resembling the above variety, except 
having broader cells on the average, was collected in Hoshanga- 
l)ad from a rain-water puddle, along with Spirogyra decmiina 
forma, sterile Spirogyra^ Zygnema and Nitcschia sp. It has the 
following measurements : 

Lat. cell., 30-40, average 33-36 g ; long, cell., 115-155 g ; 
crass, zygosp., 40-56 g, average 52 g ; long, zygosp., 60-82 
(-85) g ; crass, cell, fructif., 45-66 //. 

6. Spirogy^ra daedalea Lagerheim Czurda, op. r//., 
1932, p. 179, Fig. 186. 

Var. Juhhulporense var. nov. (Fig. 2, A — C). 

Vegetative cells upto three times as long as broad ; end- 
walls plane ; chloroplast single. Conjugation scalariform ; 
fructifying cells unswollen ; zygospores ellipsoidal ; exospore 
thin, smooth and hyaline ; mesospore thick, brown and closely 
reticulate-sculptru'ed with a rib-line ; endospore indistinct. 

Lat. cell., 37-41, average 40 g ; long, cell., 66-237 g ; crass, 
zygosp., 40-43 g ; long, zygosp,, 47-105, average 60-69 //. 

Habitat In a pool (Suba Tal) on hills, along with sterile 
samples of and Jubbulpore. 

The variety agrees with the type in the plane end -walls,. single 
chloroplast, scalariform conjugation and ellipsoidarzygospores 
with a thick and brown mesospore, possessing a ribdine. 
But, it d iffers f rom the same in having slightly broader filaments, 
the fructifying cells being always unswollen and in the presence 
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of shorter .zygospores,. the latter possessing a mesospore that is 
closely reticnlate-sculptured. 

7. Spirogyra subsalsa K-tsiing Czitrda, op, cif., 1932, 
p. 168, Fig. 171. 

Var. uiacrospora var. nov. (Fig. 2, D & £). 

■ Vegetative cells cylindrical, 5-9 times as long as broad ; end- 
walls plane; chloroplasts 2-3. Conjugation scalariform; fructi- 
fying cells swollen alround. Zygospores ellipsoidal with pointed 
or sometimes with rounded ends; exospore thin, smooth and 
colourless ; mesospore thick, smooth and yellowish-brown with a 
rib-line ; endospore indistinct. 

Lat. cell., 22-23 //; long, cell,, 66-210 //; crass, zygosp., 

28- 33 //; long, zygosp., 52-73, average 56 a; crass, cell, fructif., 

29- 38 /0 

Habitat:— In a puddle on the rock-quarry of Hoshangabad, 
along with Spirogyra varians forma, sterile filaments of Mouge- 
otia, Spirogyra, Anabaena, and species of Oedogoniiim^ Scene- 
desrniis, Gomphoncma, P cdiastrum and others. 

The variety agrees with the type in the number of chloro- 
plasts, scalariform conjugation, swollen fructifying cells^ ellip- 
soidal zygospores with a thin smooth and hyaline exospore and 
a thick smooth and yellowish-brown mesospore with a rib-line, but 
differs from the. same in possessing narrower cells, conjugation 
canals formed by both the gametangia and bigger zygospores with 
commonly pointed ends. 

8. SpiiTogyica dubia VL tz. Czurda, op. cit., 1932, p. 188, 

Forma (Fig. 2, F. & G.). 

Vegetative cells upto three times as long as broad ; end- 
walls plane; chloroplasts 2-3. Conjugation scalariform; 
fructifying cells swollen. Zygospores ellipsoidal to spherical; 
exospore thin, smooth and hyaline ; mesospore thin, smooth 
and brown. 

Lat. cell., 49-51 ,u ; long, cell., 60-115 jn ; crass, zygosp., 
46-50/1; long* zygosp., 62-66 ju ; crass, cell, fructif., 56-66 ja. 

Habitat : — In a stagnant puddle on the Hoshangabad rock- 
quarry, along with Spirogyra suhmaxima \^d.r. lamellata, S. seii- 
f ormis f orma, Sirogonium ventersicum f orma, Aulosira Pritschii, 
Anabaena sp., Oedogonimn sp., SLnd stYQYRl others, 
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The form agrees with the type in all respects except that the 
zygospores are shorter, 

Var, polymorphis var. nov. (Fig. 2. H & I) 

Vegetative cells short, slightly longer than broad ; end-walls 
plane; chloroplasts 2-3. Conjugation scalariform ; fructifying 
cells swollen commonly on one or occasionally on both sides or 
sometimes not swollen at all. Zygospores ellipsoidal to spheri- 
cal; exospore thin, smooth and hyaline ; mesospore thin, smooth 
an d y el 1 o wi sh -l)r owm . 

Lat. cell., 50-56 a; tong, cell., 60-75 crass, zygosp., 50-63 
(-66) ii\ long, zygosp., 63-82 ; crass, cell, fructif., 64-76//. 

Habitat: — In a pool (Madhav Tal) on hills> along with 
Spirogyra pseudoneglecta forma and a sterile species of Spiro- 
gyra, Jubbiilpore. 

The variety agrees with the type in the plane end-walls, the 
chloroplasts being 2-3, scalariform conjugation, swollen fructify, 
ing cells, ellipsoidal zygospores with a smooth brown mesospore, 
but differs from the same in the fructifying cells being common- 
ly’' swollen on one and only occasionally on both sides or some- 
times not swollen at all. Further it ditfers in having broader 
cells and on the average broader but shorter zygospores which 
are also spherical with a thin mesospore. 


9. Spirogyra ternata Ripart forma Rao Rao, The Zygne- 
moideae of the United Provinces, India-I, Journal of ^ the 
Indian Botanical Society, Vol. XVI, No. 5, 1937, p. 279 
Fig. 4, A, 

Lat* cell., uO-62 // ; long, cell., 48-82 // ; crass, zygosp,, 50-66 
(-73) //; long, zygosp., 66-85 /a; crass, cell, fructif., 70-85 //. 

Habitat In Budagar lake, along with Spirogyra neglecta 
forma, Durie. 


10. Spirogyra adnata (Vauch.) Kutz. forma Fritsch and 
Rich. Fritch and Rich, Contributions to our knowledge of the 
Fresh-water Algae of Africa, 7, Fresh-water algae (exclusive 
of Diatoms) from Griqitaland West, Transactions of the 
Royal Socieiy of South Africa, 1930, Vol. XVIII, Parts 1 & 2/ 
p. 48, Fig. 12, a-c, 

Lat, cell., 48-52 //- long cell., 33-100 // ; crass, zygosp., 
46-60 // ; long, zygosp., 66-^^^^^ crass, cell, fructif,, 60-65 g. 
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Habitat In a pond, along with Spirogyra Columbiana 
lomrd^^nd Spirogyni neglecfa, 








Pig. 2. A Conjugating filaments witli zygos>pores» C — a highly 

magnified zygospore showing the surface sculpture of vS”^ 2 Vo^yr a daedalea 
Lagerheim var. Jiibhulporense var nov. ; D & P— Conjugating filaments 
of Sptrogvra subsalsa Kuetzing var. warrospora var. nov. ; F & G^~the 
same of Spirogyra dtt ia Kutz. forma; H 8c /—the same of Spirogyra dubia 
Kiitz. var. polymer phis var. nov, A & B X 237 ; C X 5 87 ; D 8i E X 278 ; 
F-ix m. V 
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11. Spirog^ra 6iformi$ Jao Jao. New Zygnemataceae 
collected in China, American Journal of Botanw Vol. 2v3, No. 1, 
1936, p. 54, Figs. 4 & 5. 

Lat. cell., 40-46 // ; long, cell., 46-165 // ; crass, zygosp., 
40-46 // ; long, zygosp., (50-) 60-90, average 60-69 //. 

Habitat In road-side puddles along with Spirogyra sp. 
Hoshangabad. 

The scalariform conjugation, though rare in the Chinese 
form, is ciuite common in this alga. 

12. SpiiTogyra Fullebof'tiei Schmidle forma Rao. Rau, 
op. cit., 1937, p. 279, Fig. 4, B. 

Lat. cell., 50-52 g ; long, cell., 66-148 g ; crass, zygosp., 
42-56 g, average 48-52 g ; long, zygosp., 66-85 (-92) g ; crass, 
zygosp. subspheric., 42-60 

Habitat : — In a rain-water pool, Hoshangabad. 

13. Spirogyra columhianaCxnvdB, Czurda, op, cit., 1932, 
p. 190, Fig. 199. 

Format 

Lat. cell., 52-60 g ; Ic ng. cell., 50-150 g ; crass, zygosp., 
44-56, average 50 g ; long, zygosp., 68-90, average 75 g. 

Habitat : — In a pond, Katni. 

The form differs from the type in the cells being slightly 
broader and the zygospores beingysonietimes longer. 

14. Spirogyra neglecta (Hassall) Kiitzing Czurda, op. 
cit., 1932, p. 191, Fig. 200. 

Lat. cell. 60-66 g ; dong, cell., 82-171 g ; crass, zygosp., 
60-68 /c plong. zygosp,,. 81-100 (-113) g. 

Habitat : — In a pond, Katni. 

Forma Rao. Rao, op. c/L,. 1937, p. 282, Fig. 5, B. 

Lat. cell, 60-66 g ; long, cell, 49-120 g ; crass, zygosp., 
52-60 g ; long-, zygosp., 7G-S2 (-98) g. 

Habitat In Budagar lake, along with 
forma, Durie. 

15. Spirogyra nitida (Dillwyn) Link. Borge & Pascher 
in Pascher’s Susswasserflora, Heft 9, “1913, p; 26,, Fig. 37 ; Jao, 
Studies on the Freshwater Algae of :China, ' I, 'Zygnemataceae 
from Szechwan, SV«eima, Voi76, (No. S': )l93S, PlVVf,^^^^ 70 & 
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Lat. cell., 68-82, average 82 jn ; long, cell,, 110-720 ; crass, 

zygosp., 66-75 ; long, zygosp., 95-115 /c ' 

Habitat : — In a rain-water pond, Hoshangabad* 

16. Spirogyra setiformis (Roth.) Kutzing Czitrda, o/). 
r//., 1932, p. 192, Fig. 202, 

Forma 

Lat. celL, 85-95 (-100) /i ; long, cell., 100-148 ; crass, 

zygosp., 60-73, average 66 // ; long, zygosp., 90432, average 
105-115//, 

Halntat : — In puddles on the Hoshangabad rock-quarry, 
along with a sterile .species of Oedogoniimh 

This form possesses narrower cells on the average and some 
times longer zygospores. 

Forma 

Lat. cell., 95-102 //; long, cell., 82-320 .//; crass, zygosp., 
82-89 // ; long, zygosp., 105-138 (-150) //. 

Habitat: — In a stagnant puddle on the Hoshangabad 
rock-quarry along with ."^pirogyra suhmaxiina var. lameilata, S, 
dtibia, Sirogonium ventersicum forma, Aulosira Friischii, 
Oedogon^ iim sp., Anabaena sp. and several others. . . • 

The zygospores in this form are sometimes much-longer. 

17. Spirogyra pseudoneglecta Czurda Czurda, op. 
cit., 1932, p., 194, Fig. 204. 

Forma ■ ■■ ^ ; 

Lat. cell., '46-48,//; long. - cell., 50-116 //; crass, zygosp., 
43-46//; long, zygosp., 60-72 //; crass, cell, fructif., upto 46 //. 

Habitat: — In a pool (Madhav Tal) on hills along with 
Spirogyra dubia var. polymorphism Jubbulpore. 

This form differs from the type in the narrower cells and 
smaller zygospores. . . ^ , 

18. Spirogyra verruculosa Jao Jao, op. ca,, 1936,- p. 59, 
Figs. 32 &33. 

Forma (Fig. 3,4). 

Lat. cell., 106-120 //; long, cell., 120-130//..; crass. _zygosp(, 
69-90;// ; long, ^ 102 A 32 g. v : “il:- 

Flabitat: “In a pool (Deva Tal) along with a sterile sTecies 
of .9piro//yra and 4 na^a^na, Jubbulpore. 
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The form differs from the type in the chloroplasts being 5-8 
and the zygospores ])eing smaller with frequently more or less 
drawn out ends. 

19. Spirog^ra anomala Rao Rac, op, cit. 1937, p. 284. 
Fig. 6, Z)&£, 

Forma 

Lat. cell., 65-96 ii; long, cell., 96-237 u; crass, zygosp., 
55-78 jn; long, zygosp., 89-122 //. 

Habitat : — In a rain-water pool, by the side of the road 
leading to Bombay from Hoshangabad. 

The form differs from the type in having much narrower 
cells and zygospores which are narrower and frequently shorter. 

20. Spirogyra Malmeana Him Czurda, op. cit., 1932. p. 
202, Fig. 216. 

Var. verrucosa var. nov. (Fig. 3, B & C), 

Vegetative cells thrice as long as broad; end-w’-alls plane ; 
chloroplasts 4-6. Conjugation scalariform; fructifying cells 
unswollen. Zygospores ellipsoidal with rounded or pointed ends ; 
exospore thin, smooth and hyaline; mesospore thick, yellowish- 
brown, finely verrucose and marked by a continuous net- work 
with large meshes. 

Lat. cell., 108-126, u; long, cell., 120-330 /( ; crass, zygosp., 
89-100, a ; long, zygosp., 115-165, a. 

Habitat: — In a pool f'Deva Tal) on hills, along wdth sterile 
filaments of Oedogoniimi and Spirogyra, Jubbulpore. 

The variety agrees with the type in the plane end-walls, 
scalariform conjugation and ellipsoidal zygospores with a thin, 
smooth and colourless exospore, and a thick brown mesospore, 
but differs from the same in the much broader filaments, and in 
having more chloroplasts and markedly bigger zygospores, the 
latter possessing a finely verrucose mesospore with a more 
regular net-work. 

21. Spirog^ra sufemajcima Transeau Czurda, op, cit., 1932, 
p. 206, Fig. 221. 

Var. lamellatavar.noY. (Fig, 3, £). 

Vegetative cells upto six times as long as broad ; end-walls 
plane; chloroplasts 6-8. Conjugation scalariform ; fructifying 
cells unswollen. Zygospores lens-shaped, spherical in one view 
and ellipsoidal in the other ; exospore thin, smooth and 
colourless ; mesospore thick, lamellate and yellowdsh-brown ; 
endospore indistinct. 



ZYGNEMOIDEAE OF CENTRAL PROVINCES 351 


Lat. cell., 76-79 ,«■; long, cell., 151-466 crass, zyg'osp. 
spheric., 67-83 h ; lat. zygosp. lens., 50-60 ,m ; crass, mesospore 

3-5 fi : 



Fig. 3 A’ — Cc.njugatiiig filaments of Spirogyra verruculosa^zo forma 
with zygospores ; B — Conjugating filaments with zygospores, C — - a highly 
magnified zygospore showing the surface sculpture (edge-view) of 
Spirogyra M(Anteana 'Hirn vdit, ^lerrucosa var. nov. ; D — Conjugating 
filaments oi Spirogyra submaxima 'IrsLnsQSiU Y^rAamellata y2iY, nov, with 
zygospores; E Conjugating filaments oi Sirogoniiim floridanaTvs^nsed,vi 
forma with a zygospore. A ^ B XI33; C X278 ; D & E X133. 
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Habitat:- In a puddle on the Hoshangabad rock-quarry, 
along with Spirogyra setiforinis forma, dV. dubia forma, 
Sirogonmin venter siciim forma, Aulosira Fntscliii, Anabaena sp., 
Oedogonlum sp. and several others. 

The variety agrees with the type in the scalariform conjuga- 
tion and lenticular z3'gospores with a thick, smooth and yellowish 
-brown mesospore. ^ But it di.ffers from the same in having on 
the average narrower filaments without any mucilaginous envelope 
and lesser number of chloroplasts, in the fructifying cells being 
never swollen on the side of the conjugation canal, and in the 
mesospore of the zygospore being lamellated. 

{b) Mougeotiaceae. 

Genus Mou^eotia Agardh. 

22. Mougeotia reeurva (Hassali) de Toni Czurda, 
op, cit.y 1932, p. 67, Fig,. 41. 

Lat. cell., 13-15 g;long. cell., 115.231 //; crass, zygosp. 
spheric., 25-26 g. 

Habitat:- In a pool (Kola Tal) on hills, along with Mougeotia 
tenuis and Spirogyra longaia forma, Jubbulpore. 

23. Mougeotia tenuis (Cleve) Wittrock Czurda, op, 
aC, 1932, p. 81, Fig. 66; Rao, op, cii\, 1937, Fig. 7, E-G. 

Lat, cell., 13-14 /p; long, cell., 130-198 // : crass, zygosp,, 
19-26 g; long, zygosp., 30-31 g. 

Habitat: — In a pool (Kola Tal) on hills, along with 
Spirogyra loiigafa forma and Mougeotia reeurva, Jubbulpore. 

Genus Sirogonium Kiitzing. 

24. Sirogonium floridana Txanseau[z=:S pirogyra floridana 
Transeau ] Czurda, op, cit,, 1932, p. 145. 

Forma (Fig,3,£ ), 

Vegetative cells 3-4 times as long as broad ; end-walls plane ; 
chloroplasts 5-8. Conjugation scalariform; fructifying cells 
inflated. Zygospores ellipsoidal; exospore, thin, smooth and 
hyaline; mesospore thin, smooth and yellow. 

Lat. cell., 66-82, average 66 g ; long, cell , 200-275g ; crass, 
zygosp., 82-100, average . 89 g; long, zygosp., 115-165, average 
130 g; crass. . cell, fructif. 90-450 g. 

■ : — -In a puddle near tlie rqck-qtiarrv’, Hoshangabacl. 

The form differs from the type in the presence of- ’broader 
cells, 0-8 chloroplasts and sometimes longer zvg’ospores. 



ZYGNEMOWEAE OF CENTRAL PROVINCES 353 


_ 25. Sit'o^onium ventersicum Transeaii Transeaii, 
Tiffany, Taft and Li, New species of Zygnemataceae, Transact 
tions of the Microscopical Society, Yo\. LIII, No. 3, 1934, PI. 
XXII, Fig. 65. 

Forma 

Lat. cell., 66-70 fi ; long, cell., 122-171 ; crass, zygosp., 

70-78 f.1 ; long, zygosp., 102-151 ft; crass, cell, fructif., 
100- 148, a. 

Habitat : — In a stagnant puddle on the Hoshangabad rock- 
quarry, along with Spirogyra submaxima var. lamellata, S. 
setiformis forma, 5. dubia forma, Aulosira Fritschii, Anabaena 
sp., Ocdogonium sp., and several others. 

This form possesses narrower zygospores that are sometimes 
shorter. 

This investigation was carried out in the Botanical Laborat- 
ory of the Benares Hindu University while the writer was a 
Research Scholar there. The writer takes this opportunity to 
express his great indebtedness to Professor Y. Bharadwaja for 
his kind guidance and criticism during the preparation of 
this paper. 
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The solitary block of gymnospermous wood here described 
belongs to the Central Museum, Nagpur where it had been pre- 
served probably since the time of the late Rev. S. Hislop and it 
was through the kindness of Mr. E. A. D’Abreu, formerly 
curator of the museum, that the author was able to borrow it for 
investigation. 


Only the secondary wood is available. The geological age is 
not known but the entries in the museum register indicate that 
the specimen was collected in the Chhindwara district of the 
Central Provinces. It may therefore perhaps be considered to 
belong to the Deccan Intertrappean series which according to 
Prof. Sahni^ is probably of early Tertiary age. So far as I know 
no coniferous woods have yet been described from the Deccan 
Intertrappean Series although Professor Salmi 2 has described 


^Sahni, B., Current Sci. Vol. Ill, No. 4, pp. 134-136, (1P34). 

^Sahni, B., Mem. Geol. Sun Ind,, Palaeont. Indica, N. S.. Vol. 11, pp. 
79 - 97 , (1931), 
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three genera of seed-bearing cones of conifers from this Series. 
The present discovery suggests a careful search for other coni- 
ferous remains in these beds. 

Description 

A well preserved piece of secondary wood, _ 10 cni. long, 
7-5 cm. thick (PI. XIV, fig. 1 ) , far away from the pith as indicated 
by the flat arcs of the growth rings (Text-fig. 1). 



Fig. 1.— Type specimen. Diagram of a transverse view showing flat 
arcs of growth-rings (X 2/3). 

Microscopically the growth-rings are fairly distinct (PI. XIV, 
fig. 2). They can also be made out with the naked eye, as the 
autumn wood is darker in colour than the spring wood. The 
former in average width measures 1 cm., the latter 5 mm. 

The diameter of the entire stem is roughly calculated to be 
about 23 inches on the basis of the arcs of the growth rings. 

In transverse section the tracheids are more or less isodia- 
metric. It is seen that in the wood of each season some rows of 
tracheids— particularly those adjacent to the medullary rays— are 
comparatively broader than others (PI. XIV, figs. 2, 3x). This 
feature is also marked in the -tangential section of the wood, 
(PI. XV, fig. 5 x). 

The medullary rays count. from 2 to 49 cells in height (PI. XV, 
fig. 5) and the end walls of the cells are either at right angles or 
oblique to the tracheidsA They are often separated from one 
another by a single or double row of resiniferous tracheids 
(PI. XIV, fig. 4; Te'xt-fig. 2 R. tr.). 



Fig. 2. — Part of the radial section. R. tr^ resiniferous tracheids in the 
medullary rays (X 340), 



Fig. 3. — Part of the radial section showing, bordered. pits (X 400). 
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Fig. 4. — Part of the radial section showing contiguous nature of 
the bordered pits (X 400). 



_ Fig. 5. —Bordered pits with varying degrees of contiguosity as seen 
jn the radial section (X 400) . ' * 
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The pits which occur on the radial walls of the traclieids 
show considerable^ variation in their arrangement. In some 
traclieids they lie in a single row quite separate from each other 
(Text-fig. 3a) and in others they are contiguoiis either in one 
row (PI. XV, fig. 6; Text-figs. 4, 5b) or in two separate rows 
(PI. XV, fig. 6; Text-fig, 4c). 

Sometimes the two rows may lie in contact with each other 
with various degrees of compression, the pits lying alternately 
( PI. XV, fig. 7 ; Text-figs. 5 and 6d). This compression in some 



6 


Fig. 6.— Slightly compressed bordered pits as seen in the radial 
section (X'^ ^Od). 


e 



7 


Fig. 7.— Part of the radial section showing contiguous hexagonal 
pitting (X327). 

b,„ ■■■.■ 
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cases has resulted in the formation of contiguous hexagonal 
pitting (Pi. XV, fig. 8; Text-figs. 5 and 7e) . 

A feature unusual for woods of the xAraucarian type is tha^ 
a few tracheids in this specimen show the pits lying exactly and 
v.astinctly opposite to each other (Text-figs. 3 and <Sf) and in 
some cases even with a common wall (Fig. 7g). 



8 


, : radial section showing bordered pits lying opposite 

to each other (X4G7). 
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In each field there are usually 2-4, sometimes 6 oval 
narrowly l)ordere(l pits of which the large circular or elliptical, 
usually oblique pore is often seen preserved (PI. XV, figs. 9&lo’ 
TcxtTfiqs. 9 & 10 ). 



Figs. 9 (X 300) and 10 (X 400). Pits in the field (Type-specimen). 
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Average radial diameter of widest spring tr-aclieids 
Do. do. narrowest autumn 

Height of a vertical row of 10 radial pits 
Height of medullary rays (average 50 counts) 

Average dimensions of medullary ray cells 

Diagnosis 

Growth rings well marked, resiniferous tracheids occur 
mixed with medullary rays, radial pits round or elliptical, 1-2 
seriate, bordered, usually alternate, sometimes contiguous and 
hexagonal due to contact, sometimes also opposite; often 
separate in one or two rows and sometimes contiguous even 
when in a single row. Pore large ^ind circular, rims of Sanio 
absent. Medullary rays mostly imiseriate, rarely biseriate 
in the middle, 2-49 cells high, average height 18 cells, cells in 
tangential section of the wood nearly isodiametric or slightly 
bi'oader than high. End walls of the medullary ray cells 
either at right angles or oblique to the tracheids. Pits in the 
field 1-6, bordered, usually round, sometimes elliptical, pore when 
preserved usually round, sometimes elliptical. 

Locality. — Chhindwara district, C. P., India. 

Horizon — Unknown, possibly Intertrappean Series of the 
Deccan. 

Reg. No. — F/250, Central Museum, Nagpur, C. P. 

Systematic position 

As stated by Professor SewareP, it is not easy to assign any 
fossil wood with Araucariaii pitting either to the Cordaitales or 
to the Araucarineae merely on the basis of the age of the strata, 
because we neither definitely know the uppermost limits of the 
Cordaitales nor the lower most limits of the Araucarineae. It is 
moreover probable that the two families might have existed side 
by side for a considerable time. Hence the use of the terms 
Araiicarioxylon or Cordaioxylon on the basis of the geological 
age alone, particularly in a case like this, where the material is 
fragmentary, may be open to objection. 

Prof. Seward^ suggests the term Dadoxylon for all woods 
showing Arpearian or Cordaitalean characters of which the 
actual affinities are unknown. 

As there is absolutely no evidence of Cordaitales persisting 
into the Cretaceous or Tertiary, the specimen is referred to the 
artificial genus {Araucarioxylon); any further clue to 

^Seward, A. C., Fossil Plants, III, pp. 249-250, (1917). 
p. 249, (1917). ■ 


= 80/r 
= 1 

=96-4// 

— 18 cells. 
= 44x33// 
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the affinity on the basis of the pith and priniarv xvlem being 
entirely out of question in this particular case. 


Comparisons 

The wood shows considerable differences from other species. 
As Dadoxylon (Mesopifys) tchihatcheffd, the only northern 
species so far known to show growth rings, differs from the 
present species in having markedly low medullary rayss, the com- 
parison of the wood is confined to the southern species. 

(a) D, Zalesskyi Sahni^ differs from this species in having 

1-5 rows of pits, low medullary rays which are always 
uniseriate, and pits in the field devoid of a border. 

(b) D. Bakeri Seward and WaltonS a Falkland wood ; 

Dadoxylon sp, Warren^; Dadoxylon sp. Walton^, both 
the latter from South Africa and another Falkland 
wood referred, by Halle to D. angustum Felix"^, 
which have all been put under the name D, Arberi by 
Walton, dift'er in several respects from this species. 
The comparatively low medullary rays (1-16 cells high 
in D. Bakeri, 1-20 in Dadoxylon sp. Walton and 1-25 
in D. angustuni) alone would serve to distinguish the 
present species. The uniseriate to triseriate nature of 
the pits found usually in all these species is again 
different from the uni- or biseriate nature of pits seen 
in the present species. 

(r) The new species also differs from a wood from Sugar 
Loaf Range in the Newcastle Coal field assigned 
by Sahni and Singh to D. Arberi^ and later renamed 
by Sahni as D. Krduseli, sp. nov.^ The presence 
of runs of Sanio, the comparatively low medullary 
rays (1-20 cells high) and a fairly large number of 
pits in the field in D. Krduscli (2-10) are features 
of marked difference from those of the new species. 


^Frentzen, K., Centralbl. f. Min. etc., Abt. B. No. 11, pp. 617-624, (1931). 


^Seward, A. C, Fossil Plants, HI, p. 296, (1917). 

®Sahni, B., Rec. Geol. Siirv. India., LXVI, p. 421, (1933). 

^Seward, A.C. & Walton, J. Quart. Jour. Geol. Soc., LXXIX, 
p. 327, (1923). 

^Warren, E., Ann. S. Afr. Mus., IT, pt. Ill, (1912). 

«WaIton. J., Ann. S. Afr. Mus. XXTI., p. 2, (1925). 

^Halle, T. G., Bull. Geol. Inst. Univ. Upsala. XL, p. 68, (1911). 
«Sahni, B. & Singh. T.C.N., Tour. Ind. Bot. Soc. V., No. 3, 
pp. 103-112, (1926). ^ ^ 

^Sahni, B., Rec. Geol. Surv. India. LXVI, p. 424, (1933). 
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(d) D.Lafoniense Hailed a Falkland wood described by 

Prof. Plalle, resembles this species in having usually 
biseriate pits but differs considerably in its unusually 
low uniseriate medullary rays like Z). Zalesskyi. The 
presence of secretary sacs in D. lafoniense is again 
a point of difference. 

(e) D. indicimi Jioldeir^, a species from the palaeozoic beds 

of India, resembles this new species in having 1 — 2 
rows of pits but differs in having low uniseriate 
medullary rays and pits in the field having a tendency 
to fuse and unite to form a single pit. 

(f) D, bengalense Holden^, a species from the same locality 

as D, indicum Holden, is different in having 2 — 7 pits 
forming a group and in having always uniseriate 
medullary rays whose heights may be 1 — 20 cells. 

(g) D. (AraucJ rajmahalense SahnP, a species from the 

Rajmahal Hills, India, differs from this species in 
having 2 — 3 seriate pits and uniseriate medullary rays. 
The number of cells forming the height of the medull- 
ary rays too is much smaller, being only 1 — 20. 

(h) Dadoxylon oc Sahni^ and Dadoxylon ^ Salmi*’ are again 

different, as the former is characterised by uniseriate, 
low medullary rays and the latter in having 2 — 3 
seriate pits and uniseriate medullary rays which are 
low. The growth rings too are not clearly marked in 
either of the species. 


(i) D. parbeliense RaoF a Lower Gondwana wood contained 

in a sphaerosiderite from the Ranigunj Coalfield is 
also different in having 1-5 seriate pits, low medullary 
rays (1-24 cells high) and 8-9 pits spanning a field. 

(j) D, teilhardi Sze^, a species described from the Upper 

Permian of China and belonging to the Angara flora, 
resembles this species in having 3-6 pits in the field 
and usually biseriate pits though triseriate ones also 
exist, but the presence of uniseriate and very low 
medullary rays (1-6 cells high) are features which 
keep it distinct from the new species. 


^Halle, T. G., Bull. Geol. Inst. Univ. Upsala. XI. p. 64, (1911). 
^Holden, R, Ann. Bot. XXXI. p. 318, (1916). 

^Holden, R., Ann. Bot. XXXI. p. 322. (1916). 

F., Pal, Ind. N. S. Vol. XL pp. 69,71, 72 restpectively, 

^Rao, H. S., Rec. GeoL Surv. Ind. LXTX. pp, 174-183, (1935). 

«Sze, H. C., Bull. Geol. Soc. China, XIII, No. 4, (1934) / 
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(k) D, rliodcanum Goppert^, a Palaeozoic wood widely 
distributed in China, particularly in Shansi, and 
determined and described by Gothan and Sze, differs 
from the present species in having 2-4 rows of pits, . 
rather low medullary rays (3-20 cells high ) and in the 
entire absence of annual rings. 

In the circumstances the present wood seems to be different 
from any other species hitherto known, and there being none so 
far described from the Intertrappean beds of India, it is proposed 
to give it a new name : Dadoxylon Deccani. 

Discussion 

The present wood exhibits, in addition to Dadoxylon charac- 
ters, also the interesting feature of the combination of opposite 
pits. Tliis opposite nature of pits may not necessarily be 
confined to tlie A])ietineae and other coniferous families but 
may also ])e found in the araucarian members. Such a case 
has as well l)een recorded by Miss Holden'-^ in the genus 
Meiacedroxylon arancarioidcs wdiich in addition to other D(7£/- 
oxylon characters also shows opposite pits. This she definitely, 
concludes to be an araucarian genus and thinks it to be a 
connecting link l)etween the Araucarineae and the Abietineae. 
Such a combination of alternate and opposite pits she has 
also recorded in Araucarioxylon sp. Holden from^the Creta- 
ceous lignites of Clifl’wood, New Jersy. Prof. Seward has 
also adopted the name Dadoxylon'^ for this wood because the 
characters as a whole are consistent with that designation.' 

Another noteworthy feature in the present wood, in addition 
to the combination of two types of pits, is that its age is not 
Cietaceoiis. As we feel convinced that the Intertrappean Series 
of the Deccan are Tertiary'^ particularly in view of the new dis- 
coveries from these beds of Nipadites, a fossil fruit genus of 
Palms eminently characteristic of the Eocene-'^, it may be quite 
plausible to conclude that the combination of the two characters 
existed even till a later stage than the one I'ecorded by Miss 
Holden. 

Summary 

A piece of secondary wood has been described here which 
belongs proliably to the Deccan Intertrappean Series. The name 
Dadoxylon Deccani sp. nov. has been given to it. The wood shows 
opposite pits in addition to the contiguous hexagonal pitting 


^Gothan, W., und Sze, H. C., Mem. Nat. Res. Inst. GeoL No. 13, 
pp. 87-103, Nanking, (1933). .r,. x 

'"Holden, R., Ann. Bot., XXVII, pp. S3S-S39, (1913). 

'’Seward, A. C., Fossil Plants., IV. p. 183, (1919). 


'‘Sahni, B., Current Sci., Vol. Ill, No. 4, pp. 134-136, (1934) • _ 

"Sahni, B., and Rode, K. P. Proc. National Acad. Sci, Ind. / (2-3) , 
Allahabad. 
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characteristic of the Araitcarineae. This combination of two 
characters indicates that the wood may be considered as a con- 
necting link between the Araiicarineae and the Abietineae. 

The writer is greatly indebted to Prof. Sahni for his constant 
help, valnable suggestions and criticisms during the progress of 
this work. My thanks are also due to n)y friend Dr. K. M. Gupta 
for some suggestions in this connection and to the Nagpur 
University for getting some sections prepared from the fossil. 
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Explanation of Plates XIV and XV 

Fig. 1 . — Dadoxylon Deccani, sp. nov. Type specimen 

(XcaVlO). 

Fig. 2 Type specimen. Cross section of stem showing a 

growth-ring ( X 20) (rows of tracheids markedX 
are comparatively broader than others). 

Fig. 3. — Type specimen. Cross section of the stem showing 
broad rays of tracheids adjacent to the medullary 
rays ( X ISO). 

Fig. 4. — Type specimen. Radial section of the stem showing 
resiniferous tracheids in the medullary rays 
(X80). 

Fig. 5. — Type specimen. Tangential section to show the 
medullary rays (X 320). The tracheids marked 
X are broader than others. 

Fig. 6, — Type specimen. Radial longitudinal section show- 
ing contiguous pits in one row and contiguous 
pits in two separate rows (X 320). 

7^ — Type specimen. Radial longitudinal section show- 
ing slightly compressed and alternate pits (X320) . 

Fig. 8. — Type specimen. Radial longitudinal section showing 
contiguous and hexagonal pitting (X320). 

Figs. 9 & 10.— Type specimen. Radial longitudinal section 
showing pits in the field (X 250). 
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I'he present communication forms the second ^ of the series 
in which it has been proposed to record the Zygnenioideae of 
the United Provinces. Most of the forms that are described 
in this paper have iieen collected from Gorakhpur and its 
environs during the last two years.. Four forms collected from 
Benares and one from Sakai diha have also been included. With 
the exception of Zygnema globositm Czurda and Spirogyra 
varians (Kutz.) Czurda all the plants were got from rice fields. 
In all twenty-five forms have been recorded/and out of these 
six species, four varieties and eleven forms are new. 

SYSTEMATIC ENUMERATION OF THE SPECIES 
OBSERVED. 

fa) Zygnemaceae. 

Genus Zy^gnema Agardh. 

1. Zygnema globosum Czurda Czurda, in Pascher's 
Sfisswasser-fiora, jMitteleuropas, Heft 9, 1932, p. 109, Fig. 110. 

Forma 

Lat. cell., 25-31 long, cell., 30-40 g] crass, zygosp. 
spheric., 42.9-45 // ; crass, zygosp. oval., 36.3-42.9 g; long, 
zygosp. oval., 42.9-44 a ; scrobiculations 34;ii broad and 1-1.5 
apart. 

Habitat:— In a rain-water pool, along with sterile filaments 
of Spirogyra and Oedogonium, Gorakhpur. (October 20, 1936.) 

This form di iters from the type in possessing smaller 
zygospores. It also has occasional!}’ broader cells. 

*Froni the Department of Botany, Benares Hindu University. 

1 Bhashyakarla Rao, C., “ The Zygnemoideae of the United Provinces, 
India — 1,'’ Jour. Ind. Bot. Soc., 1937, Vol. XVI, No. 5, pp. 269-288, 
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2, Z^g^nema gorakhporense sp. itov. (Fig. 1, A. & B). 

Vegetative cells itpto four times as long as broad ; conjugation 
scalariform; zygospore formation in the conjugation-canal which 
becomes bulged out. Zygospores globose to sub- globose; 
exospore thin, smooth and hyaline; mesospore, thick, lamellated, 
l)lue with broad scrobiculations. 

Lat. cell., 23.1-26.4 ; long, cell., 66-82.5 // ; crass, zygosp. 

spheric., 36.3-42.9 ; crass, zygosp. sub-spheric., 30-35 //; long, 

zygosp. sub-spheric , 36.3-42.9 fi : scrobiculations, 4 // broad 
and 1-3 ju apart. 

Habitat: — Along with Bulbochaefe Bharackvajai sp. nov., 
Gorakhpur. ( October 8, 1936.) 

The alga belongs to the Section ^Pectinata’ of the. genus on 
account of the formation of zygospores in the conjugation-canal 
(Czurda, op, cil., 1932, p. 99). The alga is comparable to 
ZygncTua synadelphum Skuja and Zygncma coeruleitm Czurda on 
account of the scalariform conjugation, formation of zygospores 
in the conjugation-canal, and spherical zygospores with a blue 
scrobiculated mesospore. It further agrees with the latter 
species in the breadth of the cell. But, it differs from both these 
plants in the possession of bigger zygospores wdth a thick 
lamellated mesospore. It further contrasts with the former 
species in having broader cells. 

The alga can also be compared with Zygnema sincnse Jao 
(Jao, Studies on the Freshwater Algae of China, I, Zygnema- 
taceae from Szechwan, Sinensia, vol. 6, No. 5, 1935) on 
account of the scalariform conjugation, formation of zygospores 
in the conjugation-canal, and sub-globose zygospores with a 
scrobiculated mesospore; but, it differs from the same in the 
possession of slightly bigger zygospores with a thick, lamellated 
and blue mesospore. 

3. Zygnema chalybdospermum Hansgirg Czurda, op, 
cit,, 1932, p. 128, Fig. 133. 

Forma inflata form. nov. (Fig. 1, C & D) . 

Conjugation scalariform and lateral; zygospore formation in 
one of the gametangia; fructifying cells swollen. Zygospores 
spherical to ellipsoidal; exospore thin, smooth and hyaline ; 
mesospore thick, smooth and blue. 

Lat. cell., 23. 1-26. 8 long, cell., 39. 6-53 g; crass, zygosp. 
spheric., 34-36.3 g; long, zygosp. sub-spheric,, 39. 6-46. 5 g ; 
crass, cell, fructif., 36. 3-37 

Habitat:-— -Gorakhpur. (November 15, 1937) 

The form is characterised by swollen fructifying cells and 
bigger zygospores, 




Fig. 1. A~Conjugating filaments with zygospores and B— a highly magnified 
zygospore showing the surface sculpture of Zygnema gorakhporense iig. nov. ; 
C & D— conjugating filaments with zygospores oi Zygnema ^ chalybdospermim 
liansgirg forma in flat a form. nov. ; E— portion of filament of Spirogyra aajgospora 
sp. nov. showing azygospores. A X ^^^6; B X 704; C & D X IBO; E X 180. 
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Geniis Spiro^yra Link. 

4. Spiroi^ra azygospora sp. nov. (Fig. 1, E). 

Vegetative cells cylindrical, thrice as long as broad ; 
end-walls plane ; chloroplasts five. Reproduction by azygospores ; 
reproductive cells iinswoilen. Azygospores sub-spherical to 
spherical; exospore thin, smooth and hyaline ; mesospore thick, 
smooth and I)rown; endospore indistinct. 

Lat. cell., 85-90 a ; long, cell., 270-300 ; crass, zygosp. 

spheric., 60-67. 5 /p; long, zygosp. sub-spheric., 71. 25-76, 8 /ti. 

Habitat: — Along with Spirogyra communis (Flassall) Kfitz. 
var. intorta var. nov., Spirogyra nitida Forma, Gorakhpur. 
(October 20, 1936; October 9, 1937). 

According to the key given by Czurcla (Czurda, op, ciL, 1932, 
p. 131), the alga belongs to the Section ‘Mirabiles’ on account of 
the absence of zygospore formation and the presence of azygos- 
pores. It can be compared with Spirogyra Mirabilis (Hassall) 
Kiitz. and Spirogyra Olfmannsi HubeivPestalozzi on account 
of the plane end-walls and azygospore formation. It further 
resembles the former species in its smooth mesospore. But, it 
differs from both these species in having very much broader 
filaments, larger number of chloroplasts and much bigger 
spherical azygospores. It further differs from the former 
species in the unswoilen reproductive cells. 

5. Spifogvra vafians (Kiitz.) Czurda Czurda, op. cit., 
1932, p. 173, Fig. 177. 

Lat. cell., 32.5-35 //; long, cell., 40-90 g ; crass, zygosp., 
30-35.6 long, zygosp., 39«5§.5 g. 

Habitat: — In a rain-water pool, Benares. (December 2, 1937) 

6. Spirogy)ra longata (Vauch.) Czurda forma Rao Rao, 
The Zygnenioideae of the Central Provinces, India-1 Tourn. 
Ind. Bot. Soc. Vol. XVII, 1938, p. 342. 

■ —Fig. 1, F&G. 

Lat. cell., 37;5-42.9 g; long, cell., 80-250 g; crass, zygosp., 
33-39.6 />«; long, zygosp., 39.6-65 g. 

Habitat: — Benares. (October 30, 1937) 

7. Spirogy^r a subsalsa Katz. var. macrospora Rao Rao, 
The Zygnenioideae of the Central Provinces India-I Jourm Ind. 
Bot Soc. Vol. XVII, 1938, p. 345, 

D. & E. ■ 

Lat. cell, 20.5-23 long, cell,, 66-190 /r; crass, zygosp., 
26.4-336« ; long, zygosp., 54-60 crass, cell, fructif., 30-36 ^. 

Habitat :—Sakaldiha. (October 25, 1936) 
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8, Spirog^ra hiformis Jao Jao, New Zygneniataceae 
collected in China, American Journal of Botany, vol. 23, No, 1, 
1936, p. 54, Figs. 4 & 5, 

Forma 


Lat. cell., 45-46 /i; long, cell., 105-150 /i; crass, zygosp., 
45-60 ju ; long, zygosp., 90-97.5 ,u. 

Habitat: — Along with sterile filaments of Spirogyra, 
Gorakhpur. (October 10, 1936) 

The form differs from the type in possessing slightly longer 
zygospores which may sometimes be a bit broader. 

9. Spirogy^ra Juergensii Kiitz. Borge and Pascher, in 
Pascher’s Siisswasser-flora Deutschlaiids, ostcrreichs imd der 
schweiz. Heft 9, 1913, p. 22, Fig. 23. 

Forma 

Lat. cell., 30-31, a; long, cell., .112-157.5, a ; crass, zygosp., 

30- 34 ; long, zygosp., 75-90 (41-52/0 ; crass, cell, fructif., 

31- 36.5 /(. 

Habitat: — Along with sterile filaments of Oedogoniurn, 
Gorakhpur. (November 15, 1936) 

The form differs from the type in the greater thickness and 
variable length of the zygospores. 

10, Spirogyra communis (Hassall) K *tz. Czurda, op, cit,, 
1932, p, 174. 

Var. intorta var. nov. (Fig, 2, A & B). 

Filaments usually curved or spiral sometimes straight; vege- 
tative cells five times as long as broad ; end-walls plane ; cliloro- 
plast single. Conjugation scalariform ; fructifying cells uns- 
wollen. Zygospores ellipsoidal with rounded ends ; exospore 
thin, smooth and hyaline ; mesospore thick, smooth and brown ; 
endospore indistinct, 

Lat. cell, 30-35 //; long, cell., 115-165 //; crass, zygosp., 
26.25-30 fi ; long, zygosp., 30-60 g. 

Habitat ‘.—Along with Spirogyra asygospora sp. nov. and 
S/?/ra( 7 ym mfWa Forma, Gorakhpur. (October 20, 1936) 

The variety agrees with the type in the scalariform conjuga- 
tion, plane end-walls, ^single chloroplast, unswollen fructifying 
cells, ellipsoidal zygospores with a thick smooth and brown 
mesospore ; but, it differs from the same in possessing curved or 
spiral habit, atid bigger vegetative cells and narrower spores. 
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11. Spirogyra Fullebornei Schmidle Cztirda. op. cit., 
1932, p. 190. 

Forma 

Lat. cell., 43--45 long. cell. 90-97.5 //; crass, zygosp., 
41-45 /i; long, zygosp., 52.5-63.3 crass, zygosp. spheric., 
41-43 

Habitat : — Benares. (October 30, 1937) 

The form differs from the type in having smaller zygospores 
that may in some cases be spherical. 


12. Spirogyra neglecta (Hassall) Kiitz. Czurda, op. cit., 
1932, p. 191, Fig. 200. 


Forma 

Lat. cell., about 60 fi; long, cell., 105-150 fx; crass, zygosp., 
45-52*5 /i ; long, zygosp., 70-85 ^u. 

Habitat: — Benares. (October 30, 1937) 

The form differs from the type in smaller zygospores. 


13. Spirogyra szechwanensis Jao Jao, op. cit., 1936, 
p. 54, Fig. 6. 

Var. varians var. nov. (Fig. 2, C). 

Vegetative cells cylindrical, four to five times as long as 
broad; end-walls plane ; chloroplasts 2-3. Conjugation scalari- 
f orm ; fructifying cells unswollen. Zygospores cylindric-ellipsoid 
to cylindrio-obovoid ; exospore thin, smooth and hyaline; mesos- 
pore thick, smooth and yellow; endospore indistinct. 

Lat. cell., 60-67*5 long, cell., 150-285 pt] crass, zygosp., 
60-65 // ; long, zygosp., 135-180 , a. 

Habitat: — Along with some sterile filaments of 
and Gorakhpur. (October 15, 1936) 

The variety agrees with the type in the plane end-walls, ^ 
scalarif orm conjugation, cylindric-ellipsoid zygospores with a thin 
smooth and hyaline exospore and a smooth and yellow mesospore ; 
but, it differsTrom the Chinese form in the narrower cells, in the 
usually smaller number of chloroplasts and in the zygospores 
being commonly cylindric-obovoid completely filling the fructi- 
fying cells,.. 

.. ' 7 ' 
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14; Spirogyra nitida (Dillwyn) Link. Borsre and Pascher 
op. at., 1913, p. 26, Fig. 37; Jao, op. cit., 1935, PL VI. Figs’ 
70&71. 

Porina 


.LjciI. cell., /5 i/ , cell., 22 d- 2/0 cr3,ss, zyp'o.sn 

75 /i ; long*, zygosp., 120-135 //. ' ' '■ ” 

Haliitat : -.Gorakhpur. (November 15,1936) 

The form differs from the type in the occasional presence of 
longer cells. 


15. Spirogyra margaritata Wollny. Czurda, op cit, 
1932, p. 192, Fig. 201. 

Var. microspora ear. nov. (Fig. 3, A.) 

Vegetative cells cylindrical, four times as long as broad; 
end-walls plane ; chloroplasts 7-8. Conjugation scalariform ; 
spore-wall indistinct. 

Lat. celh, 75-90 //; long, cell., 120-300 «; diam zvgosp. 
60-67*5 //. ’ ; 

Habitat: — Gorakhpur, (November 15, 1936) 

The variety agrees with the type in the plane end-walls, 
scalariform conjugation, unswolien fructifying cells, spherical 
zygospores with indistinct spore-walls; but, it differs from the 
same in possessing narrower cells fewer chloroplasts and smaller 
zygospores. 

16. Spirogyra ellipsospora Transeau Czurda, op, ciL, 
1932, p. 202, Fig. 217. 

Forma fca a kv form. nov. (Fig. 3, B.) 

Vegetative cells cylindrical ; end-walls plane ; chloroplasts 
6-8. Cfonjugation scalariform; fructifying cells unswolkn. 
Zygospores ellipsoidal; exospore thin, smooth and hyaline; 
inesospore thick, smooth and brown; endospore indistinct. 

Lat. cell., 120-135 //; long, cell, 150-180 //; crass, zygosp., 
105-135 /i; long*, zygosp., 165-195 //; crass, conjugation-canal., 
45-55 //. 

tlabitat : — Gorakhpur* (November 20, 1937) 

The form possesses slightly . drawn-out ends of the zygos- 
pores and narrower conjugation-canals. 
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17. Spiroiyra plena (W. et G. S. West) Czwda Czurda, 
op.cit., 1932, p. 193, Fig. 203. 

Forma 

Lat. cell., 42.9-46.2 jn ; long, cell., 80-90 u ; crass, zygosp., 
39,6-42.9 ; long*, zygosp., 62.7-70 /a. 

Habitat Gorakhpur. (November 15, 1936) 

The form differs from the type in possessing bullate sterile 
cells in the conjugating filaments and broader zygospores. 

18. Spiroi^ra crenalata sp. nov. (Fig. 4, A & B). 

Vegetative cells cylindrical, seven to eight times as long as 
broad ; end-walls plane ; cloroplasts two. Conjugation scalar!- 
form , conjugation tubes formed wholly by the male gametangia ; 
fructifying cells swollen, nearly forming cjuadrangles. Zygos- 
pores obovoid ; spore-wall of five layers ; outer exospore thin 
and hyaline ; inner exospore colourless, more or less lamellose, 
and upto 3,5 fj, thick ; outer mesospore thin, yellow and a little 
wrinkled ; inner mesospore yellowish-brown and reticulate, reti- 
culations thick and irregularly crenulate to dentate ; endospore 
thin and distinct. 

Lat. cell, 29.6-36.3 n ; long, cell, 158.4-330 ; crass, 

zygosp., 52.8-60 // ; long, zygosp., 67.5-93.3 ; crass, cell, 

fructif., 56.1-61 £/. 

Habitat : — Gorakhpur. (October 15, 1936) 

The alga belongs to the Section ' Conjugata " and can be 
compared with Spiro^yra aequinoctialis G. S. West and Spirogyra 
Schmidtii W. & G. S. West on account of the two chloroplasts , 
scalariform conjugation and swollen fructifying cells. It further 
agrees with the latter species in the breadth of the filament. 
But, it differs from both the species in the obovoid zygospores 
with five-layered spore-wall, outer exospore thin and hyaline, 
inner exospore colourless, more or less lamellose, and upto 3.5 g 
thick, outer mesospore thin, yellow and a little wrinkled, inner 
mesospore yellowish-brown and reticulate, reticulations thick and 
irregularly^ crenulate to dentate, endospore thin and distinct. It 
further differs from both of these species in the formation of 
conjugation-canal wholly by the male gametangia, it also 
contrasts with the former species in the broader and larger 
zygospores and from the latter in the broader and smaller 
zygospores. 

The alga can also be compared with Spirogyra corrngata 
Transeau (Transeau, Tiffany, Taft and Li, New Species of 
Zygnemataceae, Trans, Micro, Soc,, vol. LI II, No. 3, 1934, PI 
XXI, Fig. 63.) on account of the plane end-walls, scalariform 
conjugation, conjugation-canal formed wholly by the male 
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gametangia, swollen fructifying cells, obovoid zygospores with 
yellow mesospore; but, it differs from the same in the narrower 
mid longer cells, in smaller zygospores and in the nature of the 
spore- wall. 

19. Spiroi^ra verruculosa Jao Jao, op. cit., 1936, p. 59 
Figs. 32 & 33. 

Nzx. crassa var. nov. (Fig. 4, C.) 

Vegetative cells twice as long as broad ; end-walls plane ; 
chloroplasts five. Conjugation scalariform ; fructifying cells 
iinswollen. Zygospores ellipsoidal with rounded ends ; exospore 
thin, smooth and hyaline; mesospore thick, yellowish-brown and 
verrucose ; endospore indistinct. 

Lat. cell., 90-105 long, cell., 195-210 ; ci'ass. zygosp., 
71,3-78.8 jji] long, zygosp,, 120-131.3 /r 

Habitat: — Gorakhpur, (October 15, 1936) 

The variety agrees with the type in the scalariform conjuga- 
tion, Iinswollen fructifying cells and ellipsoidal zygospores with a 
thin smooth and hyaline exospore and thick y^’eHowish-brown and 
verrucose mesospore; but, it differs from the same in having 
narrower cells and smaller zy^gospores. 

It also agrees with Spirogyra verruculosa Jao, var. chakiaense 
Rao, but differs from the same in possessing broader cells and 
larger zygospores with rounded ends. 

20, Spirogyra anamola Rao. Rao, op. cit., 1937, p. 284, 
Fig. D&E. 

Forma (Fig. 4, D.) 

.Lat. cell., 97,5-101.3 /i; long, cell., 90-105 crass, zygosp., 
75-76 g; long, zygosp., 97,5-106.5 g; crass, cell, fructif,, 105 g. 

Habitat: — Gorakhpur. (October 20, 1936) 

The form differs from the type in having narrower cells 
and shorter zygospores with rounded ends. It further differs 
in possessing lesser number of chloroplasts and in sometimes 
slightly swollen fructifying cells. 

21. Spirogyra kundaensis sp. nov. (Fig. 5* A & B). 

Vegetative cells cylindrical, as long as broad or longer than 
broad; end-walls plane ; chloroplasts 4-5. Con jtxgation scalari- 
form; fructifying cells unswollen. Zygospores ellipsoidal with 
rounded ends; exospore thin, smooth and hyaline; mesospore 
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thick, brown and reticulate, reticulations thick and irregailarly 
crenulate to dentate ; endospore indistinct. 

Lat cell., 105-120 ; long, cell., 150-180 ; crass, zygosp., 
75-90 ; long, zygosp., 105-135 

. Habitat :—Kunda Ghat, Goraklipore. (October 19, 1936). 

The alga belongs to the Section 'Conjugata’^ of the genus 
and may be compared with Spirogyra Reinhardii Chmielewski 
and Spirogyra paraguayensis Borge on account of the 
scalariform conjugation and ellipsoidal zygospores with 
sculptured mesospore. It further agrees with the former species 
in the number of chloroplasts and thickness of the filaments, 
and with the latter species in the tmswollen fructifying cells. 
But, it differs from both in the sculpture on the mesospore being- 
reticulate, reticulations thick and irregularly crenulate to 
dentate. It further differs from the former species in the 
unswollen fructifying cells and narrower zygospores that are 
frequently smaller, and with the latter species in having much 
broader' filaments and bigger zygospores. 

The alga can also be compared with Spirogyra anamola Rao 
in scalariform conjugation, ellipsoidal zygospores with a sculp- 
tured mesospore ; but, it differs from the same in the lesser 
number of chloroplasts, zygospores with rounded ends and in the 
sculpture on the mesospore being reticulate, reticulations thick 
and irregularly crenulate to dentate. 

22. Spiroiyra Ghosei sp. nov. (Fig. 5, C. & D). 

Vegetative cells cylindrical, longer than broad ; end-walls 
plane ; chloroplasts 6-7. Conjugation scalariform ; fructifying 
cells unswollen. Zygospores ovoid with rounded ends ; exospore 
thin, reticulate ; mesospore thick and brown, and reticulate ; 
both showing a close net-work ; reticulations thick and regular ; 
endospore distinct. 

Lat. cell., 100-105 ^; long, cell., 225-390 ^; crass, zygosp., 
90-102.5 jw; long, zygosp., 105-120 g; crass, conjugation-canal, 
45-50 g. 

Habitat: — Along with sterile filaments of Oedogonmm, 
Gorakhpur. (November 8, 1937) 

The alga may be compared with Spirogyra anamola Rao on 
account of the scalariform conjugation, plane end-walls and 
reticulate mesospores but, it differs from the same in ovoid 
zygospores with rounded ends, and in both exospore and 
mesospore showing a close net-work. It further differs in 
smaller number of chloroplasts and broader zygospores. 

Fig’. 6, A-Conjugating filaments with zygospore of Strogomum 
ventersiciim Transeau forma variabilis form. nov. ; B-the same of 
Sirogoni'um indicmn sp, noY A k BX4^2, 
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(b) Mougeotiaceae. 

Genus Mougeotia Agardh. 

23. Mougeotiarecarva (Hassall) de Toni CzmdR, 0 p. cit., 
1932, p. 67, Fig. 41. 

Lat, cell., 13.3-15 \ long, cell., 112.5-200 //; crass, zygosp. 

spheric., 25-26.5 

Habitat:- Gorakhpur (October 25, 1937). 

Genus Sirogonium Kiitz. 

24. Sirogonium ventersicum Transeau Transeati, Tiffany, 
Tait and Li, op, cit., 1934, PI. XXII, Fig, 65. 

forma variahilis form. nov. (Fig. 6, A). 

Vegetative cells upto four times as long as broad ; end-walls 
plane; chloroplasts 7-8, straight or making one turn: fructifying 
cells inflated. Zygospores ellipsoidal to kidney-shaped to 
sub spherical ; exospore thin, smooth and hyaline ; mesospore thin, 
brown, densely and irregularly verrucose. 

Lat. cell., 60-75 long cell., 210-240 //; crass, zygosp., 
60-90 // : long, zygosp., 135-195 ; crass, cell, fructif,, 

100-150 

Habitat: — Gorakhpur. (October 15, 1937) 

The form is characterised by variable shapes of zygospores 
which are sometimes very much bigger. 

25. Sirogonium indicum sp. nov. (Fig. 6, B) 

Vegetative cells upto four times as long as broad; end-walls 
plane; chloroplasts 7, straight; fructifying cells inflated. 
Zygospores ellipsoidal with rounded ends ; exospore thin, 
smooth and hyaline; mesospore thick, yellow and irregularly 
scrobiculate. 

Lat. cell, 60-80 ii; long, cell., 210-285 /i; crass, zygosp., 
75-90 long, zygosp., 135-165 crass, cell fructif., 120-125 
Flabitat: — Gorakhpur. (November 2, 1937) 

The alga belongs to the Section ‘SirogoniunF and can be 
compared with Spirogyra ceylanica Wittrock and Nordstedt on 
account of the plane end-walls, number of chloroplasts, knee- 
shaped conjugation and ellipsoidal zygospores. It, however, ^ 
differs from the same in the smaller zygospores with an yellow 
and irregularly scrobiculate, mesospore scrobiculations being 
smaller and irregular. 

In conclusion, I have great pleasure in expressing my great 
indebtedness to Professor Y. Bliaradwaja, for his kind guidance 
and criticism throughout the course of this investigation. 
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Bulletin of the Madras Government Museum, Supplement to 
the Flowering Plants of Madras City and its immediate 
neighbourhood by E. B.\rnes, B. Sc., Madras Christian 
College, Tambaram; Edited by the Superintendent. Nezo 
Series — Natural History Section, Vol. IV. No. 2, Govern- 
ment Press, Madras, 1938. Price Re. 1-10-0. 

In 1929, the flora on which this supplement is based was 
published Hither in haste before a thorough survey of the small 
area dealt with had been made, as the author of this supplement 
remarks in ^ his preface; the only justification for such action 
being that Gamble’s flora of the Presidency of Madras had not 
been completed at the time (1929). This Supplement even is 
not a complete list of all not included in the flora previously 
published, as it excludes grasses and other plants. 

Sir D. Pr.>iIN in his preface to the Bengal Plants, referring 
to the completion of the Flora of British India, justly remarks 
that one period having ended a new one must begin. The attention 
of systematists must now be directed to the compilation of 
smaller works, compact in form and concise in style, dealing with 
the vegetation of specific areas within that Indian Empire which 
is served by the Flora of British India. So it is befitting that 
endeavour of local botanists be directed towards making up small 
lists of plants growing on specific areas. But it is desirable that 
such lists should be carefully made inclusive of all plants growing 
in particular localities, so that they might not require to be 
supplemented again and again in the course of a very few years. 

This supplement contains some 50 species with their elabo- 
rate specific description, key, etc., covering 46 quarto pages 
making the whole unnecessarily voluminous. Of course, the list 
of plants appended at the end is a welcome addition. 

Some of the species in the present list, such as, Pterocarpus 
Marsupium, Mimosa rubicaxilis, Anogeissus latifolia, Randia 
uliginosa, GHaphaliuiii indicuni, Lobelia irigona, Trichodesma 
scylanicum, etc., are not confined to Madras and its neighbourhood 
alone, but extend far outside the limits of the Presidency and arc 
seen in Orissa, Bihar and other places. . 

The tentative keys to the species are not always happy ones, 
for instance, for Mimosa riibicaulis, the key runs thus: “ differs 
from the 2 species of M-imosa as follows from if. pudica (L) in 
being a large brush from M. haniafa (Willd) in having leaves 
upto 6 ins. long.” These are all very variable vegetative charac- 
ters and no conclusive distinction can be drawn from such vague 
points. In Prain’s Bengal Plants the following key is given for 
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M, rubicatilis (Lamp) — ‘'Stamens twice as petals, rachis of 
leaf smooth, stem prickly but not bristly/*' 

The phenological notes given after the description of the 
species are from personal observation and therefore are of value, 
but in some cases theii importance suffers and is of local value 
only because of observation being limited to a particular 
locality. 


D. M. 
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The latest Zeiss Ikon LEKTOR Epi- 
diascope is an entirely new design and 
a complete departure from the conven- 
tional type. The most outstanding 
feature of the Lektor is the horizontal 
table for lantern slides which has a 
number of special advantages. It is, 
for instance, possible to indicate on the 
slide itself with a pointer some parti- 
cular feature of the slide, without the 
operator leaving the instrument. 

Examples of similar advantages in 
Natural History work are easily j 
thought of. On a sheet of ground 


glass placed on the slide carrier 
sketches, formulae, etc., can be drawn 
and projected clearly on the screen as 
they build up. Small chemical experi- 
ments and magnetic fields are also in 
this manner projected. 

The .source of light is a 110 volt SOO 
watt lamp used in series with a resist- 
ance and provides brilliant Epi-projec- 
tion. A cooling fan forms an integral 
part of the Lektor. On the whole, the 
Lektor is a complete aid to visual 
education and no modern institution 
can be without it. 
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CHRONICA BOTANICA 
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1 LEIDEN -HOLLAND 

lli From February 1938 Chronica Botanica will be issued 
»*■ bi-monthly and no longer as a year-book, The annual subs- 
l cription will be reduced from 15 to 7 guilders. The new 
V periodical will continue to give all the essential information 
|j|| which was given in the old year-book and will include some 
[ij important new sections as well. Like the year-book, the new 
llll Chronica will aim at promoting documentation, goodwill 
1111 and intern, cooperation among plant scientists. Results 
of research will be published only in the first two sections, 
till The world list of plant science institutions and societies will 
appear as an annual supplement. The contents of the reorga- 
111 nized Chronica will be as follows : 

llll 1. Scientific Communications: a medium for the quick 
I'll publication of short preliminary notes on the results of 

|m recent research or announcing new discoveries, 

[[J 2. Forum Botanicorum: Discussions, Announcements, 

|jl| Letters to the Editor. 

X 3, Intern. Congresses: Detailed programmes, short reports, 
III decisions, resolutions, etc. 

4. Quotations: from recent articles of general and timely 

III interest. 

5. Miscellaneous News: News notes of all kinds of plant 

III science institutions, experiment stations, gardens, etc., 

inch notes on new research projects. 

1 6 . Herbarium and Museum News: Expeditions, new col- 

lections, lists of new acquisitions, etc. 

ill 7. Personalia: Appointments, Retirements, Resignations, 

Deaths (short obituaries ), Miscellaneous, New 
ill Addresses. , 

m] 8. Queries: Requests for cooperation and information, 
111 exchange offers. 

l||| 9. New Periodicals: Short accounts of new plant science 

llll periodicals, changes in existing periodicals. 

||j| 10. New Books: Short revieVs of new plant science books. 




The views of Dr. S. N. DAS GUPTA, Ph.D. 
(Lond.), D.I.C., M.Sc., Reader in Botany, 
Lucknow University, Lucknow about the 

“SACWO” 

DISSECTING MICROSCOPE 

WHICH IS WIDELY USED IN THE 

BOTANICAL LABORATORIES 


ALL OVER INDIA. 



The Dissecting Microscope SACWO (1937) manufac- 
tured by The Scientific Apparatus and Chemical Works Ltd., 


similar foreign pro- 
le the model will find ready place in all the 
^here such microscopes are required.'' 


Inserted by the Sciefiiific Apparatiis and Chemical 
Works Ltd., Aara, 




NOTE TO CONTRIBUTORS 


Oiil}'' papers written or communicated by Members o£ the Indian Botanical 
Society are published in the Journal. 

Attention to the following points will greatly assist the Editor and ensure early 
and satisfactory publication ; — 

Manuscripts must be typed with double spacing and on one side of the paper only. 
Authors are particularly requested to revise their manuscripts carefully before sub- 
mitting them to the Editor. This will reduce the corrections in the proof. 

In view of the high cost of publication, contributions should be as concise 
as possible and all unnecessary tables and illustrations should be avoided. 
If the contributions are very long, the authors may be required to contribute 
a portion of the cost of publication. 

Names of genera and species should be underlined and will appear in italics. 
The names of the authors of genera and species should always be given. 

Original papers must conclude with a summary, drawing attention to the 
main facts and conclusions. References to literature cited should, as far as 
possible, be complete and must be carefully verified, A bibliography should 
be given at the end of the paper arranged alphabetically under authors' names. 

References to literature in the text should be made by quoting the author's 
name and the year of publication adding the page where possible, thus (A. B. 
1934, p, 25). When the author's name occurs as a part of the text, only the 
year and page need be given. No references should be given as footnotes. 

Illustrations in line,.— These should be drawn boldly in Indian, ink on Bristol 
board or smooth white card. All necessary shading must be done in well-defined dots 
or lines. Colour, either in line or wash, should be avoided. It is important that such 
illustrations be drawn at least twice as large (in linear dimensions) as they are to 
appear in the reproduction. Due allowance for reduction must be made in size of 
lettering, thickness of line, and closeness of shading. Where possible the figures 
should be grouped so as either to fit the page after reduction, or to come on part of 
the printed page as text figures. Authors should number the text-figures consecu- 
tively and indicate in the text the places where they are to appear. 



Wash Drawing. —For making half-tone blocks the original drawings should be 
done with brush and not with pen and ink. For these either black or gray colour 
may be used. Black is better than gray. 

Photographs for block-making. — Every photographic print from which blocks 
are required should be black and white on glossy surfaced paper— if possible extra 
glazed. The prints must be sufiBciently washed at the time of making them, since 
insufficiently washed prints become yellowish in colour and fade soon afterwards. 
Though every photograph will reproduce as a half-tone block, best results are 
obtained only from black and white prints on glossy paper. Photographic prints 
on matty paper, sepia-toned prints or faded prints will not give clear results in 
block-making. The numbering or lettering inside the photographs should be done in 
pen only either with undiluted Indian ink on white surface or with Chinese white on 
black surface. In case the photographs are to be reduced for reproduction the num- 
bers or letters should be drawn large enough to allow for the necessary reduction 
Combination of photographs and pen drawings in one plate should be avoided. 

Allowance of space should be made for legends below the illustrations. 

Graphs should be drawn in Indian ink on co-ordinate paper ruled with blue lines 
Any co-ordinate which is desired to appear in the reproduction should be drawn over 
with Indian ink. 

Drawings or photographs grouped for half-tone production should be trimmed 
nd fitted together perfectly so that they completely fill the board on which they are 
mounted. The cut edges always show in the half-tone reproduction while they do 
not appear in zinc-etchings. 

Authors should correct the galley proofs and should make only the necessar 
changes. Extensive changes mean delay and extra cost which latter is chargeable 
to the authors. 

Each author will receive gratis 50 copies of the printed paper. Extra copies 
will be supplied at Printer’s cost price; the number of extra copies required must 
be stated on the corrected proof. 

Reviews or abstracts of books or of papers in other Journals should begin with 
the author^s name and initials, followed J)y the title of the book or paper, the name 
volume, number and exact pages oithe serial where the paper was published, the 
publisher’s name, the place and date of publication and preferably, in the case of 
books, the price. 

All matter intended for publication in the Journal should be* sent to the Chief 
Editor, P. Parija, m.a. (Cantab), Professor of Botany, Ravcnshaw College, 
Chauliagunj P.O., Cuttack. 



